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SUBSTITUTED COUM ARIKIS AND QU1NOLINES AS CASPASES ACTIVATORS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention is in the field of medicinal chemistry. In particular, the 
invention relates to substituted coumarins and quinolines and analogs, and the 
discovery that these compounds are activators of caspases and inducers of 
apoptosis. The invention also relates to the use of these compounds as 
therapeutically effective anti-cancer agents. 

DESCRIPTION OF BACKGROUND ART 

Organisms eliminate unwanted cells by a process variously known as 
regulated - cell deaths programmed cell death or apoptosis. Such cell death 
occurs as a normal aspect of animal development as well . as in tissue 
homeostasis -and aging (Glucksmann, A., Biol: Rev. Cambridge PMos. Sod 
2^:59-86 (1951); Glucksmann, A., Archives de Biologie 76:419437 (1965);; ' 
Ellis, et aL } Dev. 772:591-603 (1991); Vaux, et al. Cell 76:111-119 (1994)). 
Apoptosis regulates cell number, facilitates morphogenesis, removes harmful 
or otherwise i abnormal cells and eliminates cells that have already performed 
their iimctiqmt V: Additionally, apoptosis occurs in response to various 
; physiological stresses, such as hypoxia or ischemia (PGT published 
application WO 96/20721). 

There are a number of morphological changes shared by cells 
experiencing regulated cell death, including plasma and nuclear membrane 
blebbing, cell shrinkage (condensation of nucleoplasm and cytoplasm), .-. 
organelle relocalization and compaction, chromatin condensation and • 
production of apoptotic bodies (membrane enclosed particles containing : V 
: : intracellular iriaterial) (Orrenius, S., J: Internal Medicine 23 7:529-536 (1 995)). 
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Apoptosis is achieved through an endogenous mechanism of cellular 
suicide (Wyllie, A.H., in Cell Death in Biology and Pathology, Bowen and 
Lockshin, eds., Chapman and Hall (1981), pp. 9-34). A cell activates its 
internally encoded suicide program as a result of either internal or external 
5 signals: The suicide program is executed through the activation of a carefully 

regulated genetic program (Wyllie, et aL, Int. Rev. Cyt 68:25 1 (1980); Ellis, et 
aL, Ann. Rev. Cell Bio. 7:663 (1991)). Apoptotic cells and bodies are usually 
recognized and cleared by neighboring cells or macrophages before lysis. 
Because of this clearance mechanism, inflammation^ not induced despite the ;i 
10 clearance of great numbers of cells (Orrenius, S., J. Internal Medicine 

, 257:529-5360 

: It has been found that a group of proteases are a key element in : 
: : : apoptosis (see, e.g., thornberry, Chemistry and Biology 5:R97-R103 (1998); 
v Thornberry, British Med Bull. 55:478490 (1996)), Genetic studies in the : 
15 nematode Caenorhabditis ^ apoptotic; cell death involves 

at least 14 genes, 2 of which are the pro-apoptotic (death-promoting) ced {fox 
cell death abnormal) genes, ced-3 md ced-4: CED-3 is homologous to 
interleukin l beta-converting enzyme, a cysteine protease, which is now called 
caspase-1 . When these data were ultimately applied to mammals; and upon 
.! 20 ■;■■< f : ; ; ; fiirther extensive investigation, it was found that the mammalian apoptosis ; ■ ; 
system appears to involve a cascade of caspases, or a system that behaves like 
a cascade of caspases. At present, the caspase family of cy^ proteases ; 
comprises 1 4 different members, and more may be discovered in the future. 
.. All known caspases are synthesized as : zymogens that require cleavage at an ::: ; ; : 
25 ; ; : aspartyl residue prior to forming the active enzyme. Thus, caspases are 
capable of activating other caspases, in the manner of an amplifying cascade. 

Apoptosis and caspases are thought to be crucial in the development of 
-f cancer (Apoptosis and Cancer Chemotherapy, ifickmah| and ;i)iye, -^ds0^ 
: Humana Press (1999)). There is mountiiig evidence that - : ciixicer = cbll^, ^whSIfr- 1 ^f. 
30 containing caspases, lack parts of the molecular macWriety that activates ^ 

. '.. caspase cascade. This makes the cancer cells lose their capiacity to undergo 
cellular suicide and the ceils become immortal and cancerous. In the case of 
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the apoptosis process, control points are known to exist that represent points 
for intervention leading to activation. These control points include the CED- 
9-BCL-like and CED-3-ICE-like gene family products, which are intrinsic 
proteins regulating the decision of a cell to survive or die and executing part of 
5 the cell death process itself, respectively (see, Schmitt, et al, Biochem. Cell 

Biol 75:301-314 (1997)). BCL-like proteins include BCL-xL and BAX- 
alpha, which appear to function upstream of caspase activation. BCL^xL 
appeals to prevent activation of the apoptotic protease cascade, whereas BAX- 
alpha accelerates activation of the apoptotic protease cascade. 

10 It has been shown that chemotherapeutic (anti-cancer) drugs can trigger 

cancer cells to undergo suicide by activating; tl^ ... • 

This may be a crucial aspect of the mode of action of most, if not all, known 
anticancer dmgs <Los, 6 
; ; Med. 2:514 (1996)) . The mechanism of action of current antineoplastic drugs \ 

15 frequently involves an attack at specific phases of the cell cycle. In brief, the 

cell cycle refers to the ; stages through which cells normally progress during ; ; 
their lifetimes; Normally, cells exist in a- resting phase termed G 0 . During ; 
multiplication, cells progress to a stage in which DN A synthesis occurs, 
termed S. Later, cell division, or mitosis occurs, in a phase called M. 

20 Antineoplastic drugs such as cytosine arabinoside, ; hydroxyurea, 

6-mercaptopurine, arid methotrexate are S phase specific, whereas ; 
antineoplastic drugs such as vincristine, vinblastine, and paclitaxel are M 
phase specific. Many slow growing to for example: colon cancers, exist ; v 
primarily in the G 6 phase, whereas rapidly proHferating normal tissues, for ^vc 

25 : ; ; example bone marrow, exist primarily m the S or M 

6-mercaptopurine can cause bone marrow toxicity while remaining ineffective ; 
for a slow growing tumor. Further aspects of the chemotherapy of neoplastic 
diseases are known to those skilled in the; art (see, e.g., Hardmah, q/., eds . v 
Goodman and Gilman's The Pharmacological Basis of Therapeutics, Ninth 

30 : : Edition, McGraw-Hill, New York (1996)i pp. 1225428^)1 Th^ 
V that the possibility exists for the activation 

the exact mechanisms for doing so are not clear at this point. It is equally : • 
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clear tliat insufficient activity of the caspase cascade and consequent apoptotic 
events are implicated in various types of cancer. The development of caspase 
cascade activators and inducers of apoptosis is a highly desirable goal in the 
development of therapeutically effective antineoplastic agents. Moreover, 
5 since autoimmune disease and certain degenerative diseases also involve the 

proliferation of abnormal cells, therapeutic treatment for these diseases could 
also involve the enhancement of the apoptotic process through the 
administration of appropriate caspase cascade activators and inducers of 
apoptosis. 

10 : SUMMARY OF THE INVENTION ' 

The present invention is related to the discovery that • substituted 
coumarins and quinolines and ainalogs, as represented in Formula I, are 
■ activators of the caspase cascade arid inducers of apoptps^ > 
the present invention is directed to the use of compounds of Formula I as 
.15 inducers of apoptosis. : 

A second aspect of the present invention is to provide a method for 
treating, preventing or ameliorating neoplasia and ; cancer by administering a 
compound of Formula I to a mammal in need of such treatment. 

Many of compounds within the scope of; the present inveiition are 
20 novel compounds. Therefore, a third aspect of the present 

provide novel compounds of Formula I, and to also provide for : the use of 
■■■ these novel compounds for: treato ameliorating neoplasia and 

cancer. v /V''"':. •• :V : v [[ 

A fourth aspectof the present; invention is 
25 composition useful for treating disorders responsive to the induction of 

apoptosis, containing an effective 

admixture with one or more pharmaceutical^ accept^^ : : 

A fifth aspect of the present i^ is directeid to methods fbr;^ 
preparation of novel compounds of Formula I: • • 
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A sixth aspect of the present invention is directed to a process for the 
preparation of a compound having Formula III 




III 



5 ; : ■ . . . , 

the process comprising reacting a 2-aminobenzopy ran having ; the formiila: 




wherein Y is CN; 
independently hydrogen, (2,1,0 ^ 

heterocyclic group, a hetero^l group, alkenylv alky nyl, a^ 
arylalkynyl, heteroarylalkylj heteroaiyl^ ' • 

carbocycloalkyl, heterocycloalkyl, hydroxyalkyl or amino^cyl; or and Ry : 
are taken together with the mtrogen-to:^^ attached to form a 

heterocycle; 

A is optionally substituted and ; is aryl, heteroaryl, saturated 
carbocyclic, partially saturated carb 
saturated heterocyclic, arylall^l^ 

R,-R4 are jindepehderitly ihydrog 
carbocyclic, a heterocyclic group,; a hetero 
alkynyl, aryl^ylj iaryia^^ 

heteroarylalkynyl, : .: c v. ; ^ \ 

aminoalkyl, carboxyadl^ 

acyloxy, azido, : alkbxy, ;. carboxyi, 1= = m^^i^^oxy; :;ci&^ ; i : ot = ; : ; 

alkylthiol; or R, and Rj, or ]^ ai^ : v; 
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atoms to which they are attached form aii aryl, heteroaryl, partially saturated 
carbocyelic or partially saturated heterocyclic group, wherein said group is 
optionally substituted; 

with an oxidant in an organic solvent to produce a 2-imino-2#- 
5 chromene of Formula IV: 




IV 



contacting $aid 2-hnino-2/^chjr6mene with an aqueous acid, and isolating the 
10 product of Formula HI. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention arises out of the discovery that substituted 
coumarins and quinolines and analogs, as represented in Formula I, are potent 
and higlily efficacious activators of the caspase cascade and inducers of 
15 apoptosis. Therefore compounds of Formula I are useful for treating disorders 

responsive to induction of apoptosis. 

Specifically, compounds useful in this aspect of the present invention 
are represented by Formula I: 



A 




- • : or pharmaceutically acceptable salts or prodrugs thereof, wherein: 
the dashed lines cannot both be a double b^ ^ 
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X is O, S or NR^, wherein ^ is hydrogen or optionally substituted alkyl or 
aryl; 

Y is CN, COR 7 , C0 2 R 7 or CONRJR^, wherein R 7 , R x and R, are independently 
hydrogen, C M0 alkyl, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic 
5 group, a heteroaryl group, alkenyl, alkynyl, arylalkyl, arylalkenyl, arylalkynyl, 

heteroaryialkyl, heteroarylalkenyl, heteroarylalkynyl, carbocycloalkyl, 
heterocycloalkyl, hydroxyalkyl or aminoalkyl; or R^ and Ry are taken together 
with the nitrogen to which they are attached to form a heterocycle; 
Z is 0, S, halo, NR 8 , oivNGOR 8 , wherein R 8 is independently H, C M alkyl or 
10 aryl; 

A is optionally substituted and is aryl, heteroaryl, saturated carbocyclic, 
partially saturated carbocyclic, saturated heterocyclic, partially saturated 
heterocyclic, arylalkyl or heteroaryialkyl; and 

B is optionally substituted and is an aryl, heteroaryl, saturated carbocyclic, 
15 partially saturated carbocyclic, saturated heterocyclic, or partially saturated 

; heterocyclic ring. 

Preferred compounds have Formula IIA: 




or pharmaceutically acceptable salts or prodrugs thereof, wherein: 
20 X, Y, Z and A are defined above with respect to Formula (I), and 

R.j-R 4 arei independently hydrogen, halo, ; haloalkyl, aryl, fused aryl, 
:y.: : carbocyclic, a heterocyclic group, a heteroaryl group, C Uo alkyl, alkenyl, 
alkyhyl, arylalkyl^ 

heteroaofylalkyriyl, c^bocyclo^yl, V ; :heterocycloalkyl, hydroxyalkyl, 
25 aminoalkyl, carboxy alkyl, hitro, amino, icyano, acylamido, hydroxy, thiol, 
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acyloxy, azido, alkoxy, carboxy, methylenedioxy, carbonylamido or 
alkylthiol; or 

Ri and R 2 , or R 2 and R 3 , or R 3 and R 4 , taken together with the atoms to which 
they are attached form an aryl, heteroaryl, partially saturated carbocyclic or 
partially saturated heterocyclic group, wherein said group is optionally 
substituted. 

Particularly preferred are compounds having Formula IIB : 




IIB 



10 : . : :: -:.( '. ; ■ t " ; V; V. : • . ' ' '. ■ ' :; 

richer? fae substituents are defined above with respect to F 

; Preferred are compounds of : Formulae HA and IIB (hereinafter 
Formula II), wherein Rj and R 2) or R 2 and R 3 , or R 3 and R 4 , taken together 
N form a . structure; selected from the group consisting of ^CH 2 0- 
V -(CHi)^ -CH 2 C(V) 2 0-, ^OCH 2 CH 2 0~ ^H 2 ^(V)CH 2 - 
^H 2 CH 2 N(V)C CH=CH~N(V)-, 
: -#(V)-CH=N-, _^=CHM3- 5 ; : ,^(y)-ai==N^ -0~€H=]Sh -N=CH-0~ 

^=ch^-j -ch-ch-o- -s-ch=ch-, 

2&; ; ] : ,;. ^ -n=ch~ch=n- -nh-ch 2 -nh- 

;^"--'-':>wfeiSrem V is hydrogen, C M0 ^yl, haloalkyl, aryl, fused aryl, carbocyclic, a 
:. heterocyclic group, a heteroaryl group, alkenyl, alkynyl, arylalkyl, arylalkenyl, 
^ ^ heteroaiylalkynyl, 
; ; ; icc^b^ aminoalkyl. Especially 

K^W^M l p^tPF^.^^^^^9f Formula II are wherein R 3 and R 4 together form ari ; 

subMtute^- .riiig^ :^erein; said ring is selected from the group 
of benzo, pyridd pyrrolo, imidazoip, 
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pyrazo, thiazolo, oxazolo, 2-oxadihydroimidazolo, l^-dihydropyrazinei^S- 
dione, imidazplino, imidazol-2-one, imidazol-2-thion, oxazol-2-one, triazolo, 
or piperazo ring. 1 

Preferred compounds falling within the scope of Formula II also 
include compounds wherein R,-R 4 are independently hydrogen, halogen, 
hydroxy, C M0 alkyl, hydroxyalkyl, aminoalkyl, carboxyalkyl, amino, 
acylamido, acyloxy, alkoxy, methylenedioxy or alkylthiol; X is 0, S orN; Z is 
Q, CI or NH, and Y is CN. 

Preferred compounds of Formula IIA are substituted chromenes arid 



10 




in 



IV 



VI 



;t : 5 



?p;r^ salts or prd^rugs the^d 

; Md ^ are: as defined previously with respect to ; 
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Additional preferred compounds of Formula II A are substituted 
quinolines and analogs represented by Formula VII: 




or pharmaceutical^ acceptable salts or prodrugs thereof, wherein R,-R 4> Y and 
A ar^ as defined prc 

: Preferred cdiripoimds ; falling withiii : scopfe 6f Formulae II-VTI 
include compounds wherein 'R, -R 2 are hydrogen. . Preferably Y is CN. 
Preferably A isi : optionally ; sub 

isoquinblyl, thieiiy 1, fufyl, pyrrolyl, 2-phenylethyl or cyclohexyl More 
preferably, A is .- 




Avherein iRjo-Ru aire independently aryl, 

carbocyclic^ a heterocyclic group, a heteroaryl C, :j 0 : alkyl, alkenyl, 
alkyriyl, aiylalkyl, arylalkenyl, ^ 

heteroarylalkynyl, : carbdcycloalkyl, ;hete^^ hydroxyalkyl, 

aminoalkyl, : caxboxyalkyj, nifrb> ^ hydroxy, thiol, 

acylbxy, azido, alkoxy, c^boxy,;:: methylenedioxy, cafbonylamido or 
alkylthidl. 

^sp preferred A includi^ ^ taken 
together with the atoms to which i they are \ Mached form an aryl, heteroaryl, 
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optionally substituted carbocyclic or optionally substituted heterocyclic group, 
wherein said group is optionally substituted. In a more preferred embodiment, 
R l0 and R n , or R n and R, 2 , are taken together to form a structure selected 
from the group consisting of -OCH 2 0-, -(CH^-, -(CH 2 ) 4 - -OCH 2 CH 2 0- 
5 -CH 2 N(V)CH 2 - -CH 2 CH 2 N(V)CH 2 -, -CH 2 N(V)CH 2 CH 2 -, -CH=CH- 

CH=CH- -N(VH:H=CH- -CH=CH-N(V)-, -0-CH=CH- -CH=CH-0- 
-S-CH=CH- -CH=CH-S- -N=GH-CH=CH- -CH=N-CH=CH- 
^CH=CH-N=CH- -GH^CH-CH=N- and -N=CH-CH-N- wherein V is 
hydrogen, C M0 alkyl, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic 

10 : group, a hetero^l : group, alken^ arylalkyl, arylalkehyl, 

/ aiylalkynyl, : heteroarylalkyl, heteroarylalkenyl,: heteroarylalkynyl, ;/ 
carbocycloall^l, lieterocycloalkyl, hydroxy alkyl or aminoalkyl. 
^^^^^^ • that may be employed in the method 

of the invention include, without lm 

15 ; : 3-Cyai^^7^methoxy-4-(3-bro 

chrpmene; 

: , : 3-Gyano-7-methoxy-4-(3 

3-Cyano^^(3rmethoxyphenyl)^2-pxo-2 .' 

3- Cyano^Tphenyl-quinolin-l//-2-one; 
i 20 . ; 3-Gyano-7^methoxy-4-(3-metho 

7-Chloro-3-cyano4-(3-meti^^ . 

4- (3~Brto^ 
quindlin-ljf/-2-one; 

3-Cy^o-2-imirio^-(5-methyl-pyri^ 
25 pyrrolo[2,3-/7]chromene; 

3 - Cy^o-2-imino-7-m^ 
: pyrrolo [2,3 -h] chromene; 

4- (3-Bromo-4,5-dimethoxy-pheny 
pyn-OloP^-AJchromerie; 

30 , 3-Cyano-4-(5^ : 

•• 3-Cy^o^4-(5^ 
pyml6[2,3-/j]chfomene; 
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4-(3-Bromo-4,5-dimethoxy«phenyl)0-cyano-7-methy 
py rrolo [2,3 -/zjchromene; 

4-(3,5-Dimethoxyphenyl)-3-cyano-2-oxo-^^ 

3"Cyano-4-(3"methoxy-phenyl)-7-methoxy-2-oxo-2//-chromene; 
5 7*Amino^-(3-bromo-4 5 5-dimethoxyphenyl)-3-cyano-2-oxo-2if- 
chromene; 

2-Amino^-(3-bromo^ 
benzb[/i]quinoline; 

4-(3-Bromo-4,5^dime&^ 

:10; ; 

7-Amm6^3r^ ; 
• 3rrCy^o-7r-diinethylamin^ . 
• : 1 5;,v : . . ^ ; ; cliromeiie; 

• : : : 3"Gyano^-(2j5-dimethoxyphenyl)-2- 
4-(3-Brqmo-43-dimethoxy-phenyl)-3-cyano 

" 7-Amino-4-(3 -bromo-4,5 -dimethoxy-phenyl)-3 -cyano-2-imino-2//- 

20^^ : ; c ' 

: ■. :7-Bromo-4-(3 -bromo-4,5-dimethoxy-phenyl)-3 -cyano-2-imino-2i 1 /'- : 
• {• v:. clu omene; ', : . : : v . " • . 

: \' : '::/^M cftrcmetie; ''. '• ■'.'['■ :•'* >.'•• ; : ; . : / : 

25 4-(3-Bromo-4,5-di^ 

-v;.';:. : ". .. , •• ; : ; 

2-Imirid^3^ 
'[■■ • 2-Immo-3-cyahb- 
; : ^ ": \ . y \. - 

■ 
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3-Cyano~2-imino-7-^^ 
pyrroio [2, 3 -/zjchromene; 

3-Cyano-4-(3,5-dimethoxy-phenyl)-2-imino-7-methyl-2^- 
pynolo[2 s 3-/^]chromene; 
5 3-Cyano-2-imino-4-(3-methoxy-4 s 5-methylenedioxyphenyl)-7- 
methyl-2i7-pyrrolo[23-A]chrdmene; 

3-Cyano-2-imino^-(3-methoxy-phenyl)-7-methyl-2i7- 
pyrrolo [2,3 -^]chromene; 

3-Gyano-2-imino-4-(3-bromophenyl)-7rmethyl-2^- 
10 pyrrolo[2,3-/z]chromene; 

3-Cy^o-7rmethyl-4-(3-nitro-phenyl)-2^ 
pyrrolo[2 5 3-/2]chrbmerie; 

3-Cyanor4-(3,5-dimethbxy-phenyl).^ 
pyrroio [2,3 -/zjchromene; 
15 3-Cyaiio-4-(3-methoxy-4,5-methylenedioxyph^ ; 

oxo-2//-pyrrolo [2,3 -/zjchromene; ■ v.: 

• 3-Cyano~4-(3-methoxy^ 
pyrrolo[2,3**Mchromene; 

3 -Cyano-4-(3 -bromorphenyl)-7-metliyl-2-oxo-2//- : 
20 . pyrrolo[23^]chromene; and 

. 3-Cyano-7-methyl4-(3,4,54rime 
pyiToio[2,3-^]chromene. ; 
iepresentinvetf 
. scope of Formulae I- VIL - 
25 Exemplary preferred novel compounds of 

without limitation: - • . : " ; • .; ; i: • . ; .• . 

3-Cyano-7^methoxy-4-(3-brom^^ - yy;, 

■ ■ . - ■' chromene; '. .'• Y^-V'^ sv ., ■.■■.• ; -: : ;y 

30 3^Cyano-4-(3-methoxy^ 
•• 3-Gyano-4-phenyl-quin^^ 
3-Gyianor7-meti^ ;: 
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7-Chloro~3-cyano-4-(3-methoxyphenyl)-quinolin-li7-2-one; 
4-(3-Bromo-4 5 5-dimethoxy-phenyl)-3-cyano-7-metlioxy- 
quino lin- 1 i/-2-one; 

3-Cyano-2-imino-4-(5-methyl-pyridin-3-yl)-2if- 
5 pyiTolo[2,3-A]chromene; 

3- Cyano-2-Imino-7-methyl-4-(5-methyl-pyridin-3-yl)-2//- 
pyirolo[2,3-/z]chromene; 

4- (3-Bromo-4,5-dimethoxy-pheny^ 
: pyrrolo[2,3-A]chromene; 

10 3-Cyano-4-(5-methyl-pyri^^^ 

3- Cyanp-4-(5-methjd-pyri^^ * : - 
pyrrolo[23-A]chromene; -:; 

4- (3-Broim-4 y 5-dim^ 

; pyrrolo[2 3 3.-/z]chr pmene; • . 
15 4-(3 ,5-Dime^6xyphenyl)-3 -cyano^-oxo^/f-pyrroiop^ - AJchromene; 

3 - Cy ano^-(3 -methoxy-pheny l)-7-methoxy^2-oxo-2i7r-chromene;: 
7-Aminp-4-(3-bromo-4,5-dimethoxyp 

chromene; ■ 

: 2- Amino-4-(3-brGmoi-43-dimethoxyphenyl)-^ 
20 .benzo[/*]quinoline; 

4- (3-Bromo;4v5*to 

dimethy 1-2- oxo^^ferp [3 3 2-^]chr6iriene^ 
3-Gyano-7rdimetl^ 
■ dxo-2/f-chromene; 
25 7-Ainino-3-cy^ 
• 3-Gyano-7-diniethylam 

chromene; : ■ ' . • 

3- CyanoT4-^^ 

4- (3^Brom6-4,5-diinethpxy-phenyl)-^^ 
30 pxo-2i/-chrorriene; 

: chromene; ■ ■ ■ ■ 
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7^Bromo-4-(3-bromo^ ) 5-dimethoxy-phenyl)-3 
chromene; 

4-(3-Bromor4,5-dimetto 
chromene; 

5 4-(3-Bromo-4 3 5-dimethoxy-phenyl)-7-chJoro-3-cyano-2-M 
chromene; 

. 2-Imino-3 -cyaao-7-methoxy-4-(3 ' -methoxy-pheriyl)-2jfiT-thiochromene; 
24mino-3-cyano-7-dimethylamino-4-(3-bromo-4,5Hlimethoxy- 
phenyl)-2//-chromene; 
; 10 3-Cyano-2-m^ 
pyrrolo[i,3-A]chromene; 
3-Cy^o-2-ii^ 
■ ; p^plo[2^3-/2]chromene; 

3 -Cyan6-2-imino-4-(3 ^-methoxy4,5-miethylenedyioxyphenyl)-7- 
. methyl-2/f-pyirolo[2,3-/z]chromenb; ' 

pyrrolo[2,3-/z]chromene; 
20 3-Cyano~2-imi^^^ 
pyrrploP^-ZzJchrbmene; 

: : ^Cyano-7-methyi-4^ ; 
p>nrrolo[2,3-/z]chromene; 

3-Gyano4-(3 ? 5-dim^^ 
.\. ''25--f--B : ^' pyif olop^-Zzjchromene; 

3-Cy^o-4-(3-me&^ 

3 : Cyati^ ... 
pyrroiop^T/zjchrorriene; ;:• :•:/,;.{; 
30 ;. : v 3-Cyartir4-(:^ 

;pyitolo[2,3--/i]chromene; and ; : ; 



3-Gyano-7-methyl-4-(3,4,5-trimethoxy-phenyl)-2-o 
pyrrolo [2,3 -A] chrbmene. 

Useful alkyl groups include straight-chained and branched C M0 alkyl 
groups, more preferably .C w alkyl groups. Typical C M0 alkyl groups include 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, ter/-butyl, 3-pentyl, hexyl 
and octyl groups, which can be optionally substituted. 

Useful alkoxy groups include oxygen substituted by one of the C M0 
alkyl groups mentioned above, which can be optionally substituted. 

Useful alkylthio groups include sulphur substituted by one of the G|. 10 
alkyl groups mentioned ; above, which can be optionally substituted. Also: 
; included: are the- sul^ 

Useful amino -groups include -NH 
and R J6 are :G|.j 0 alkyl or cycloalkyl groups, or R 15 and: R^ are combined with ■ 
the N to form a ring structure,, such as a piperidihe, or R 15 and R 16 are ! 
combined with the ^ and other group to form a ring, such as a piperazine. The 
alkyl group can be optionally substituted. ; 

Optional substituents on the alkyl groups include one or more halo, 
hydroxy, carboxy 1, amino* nitro, cyano, C,-C 6 acylamino^ : C,-C 6 acyloxy, 
. CrG 6 alkoxy, aryloxy, alkylthio, C 6 -C 10 aryl, C 4 -C 7 cyeloalkyl, C r C 6 alkenyl, 
G 2 -:C 6 alkynyl, G 6 -C 10 aryl(C2-C 6 )alkenyl, C 6 -C I0 ary^Gj-G^all^nyl, saturated 
and unsaturated heterocyclic or heteroaryl. Optional substituents on the aryl, 
heteroaryl, saturated carbocyclic, partially saturated carbocyclic, saturated ; 
heterocyclic, and; partially saturated heterocyclic groups include one or moire k ■ = 
halo, C r G 6 haloaikyl, :C*-C 10 aryl, C^Cj cyeloalkyl, C r C 6 alkyl, C 2 -C^ ; : 
alkenyl, C 2 -C 6 ^kynyl - C 6 -C 10 aiyl(C r C 6 )all^ V ] 

C l0 aryl(G 2 -C 6 )alkynyl, C nitro, amino, ureido, cyano, C r G 6 

acylamino,: hydroxy, thiol, G,-G 6 acyloxy, aizido, G r C 6 alkoxy or carboxy. ' 

Useful aryl groups include C 6 . 14 .aryl/preferably Q.^ 
; ^yl groups . . include phenyl, naphthyl- •" l,2£^tet^^ 
pheto anthracenyl, iiidenyl, azideri^ biphenyl; bipheny lehy 1 aiiii ; i: • 

;;fluorenyl groups; 
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Useful cycloalkyl groups are C 3 ^ cycloalkyl. Typical cycloalkyl 
groups, include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 
cycloheptyl. 

Useful saturated or partially saturated carbocyclic groups are 
5 cycloalkyl groups as described above, as well as cycloalkenyl groups, such as 

cyclopentenyl, cycloheptenyl and cyclooctenyl. 

Useful halo or halogen groups include fluorine, chlorine, bromine and 

iodine. 

Useful arylalkyl groups include any of the above-mentioned C,_ 10 alkyl 
10 groups substituted by any of the above-mentioned C 6 . l4 aryl groups. Preferably 

. i the arylalkyl group is benzyl, phenethyl or naphthylmethyl 

Useful haloalkyl groups include C M0 alkyl groups substituted by one or 
more fluorine, chlorine, bromine or iodine atoms, e.g., fluoromethyl, 
; difluoromethyl, trifluoromethyl, pentafluoroethyl, 1,1-difluoroethyl, 
15 • chloromethyl, chlorofluoromethyl and trichlorometliyl groups. 

Useful acylamino (acylamido) groups are any C 1-6 .acyl (alkanoyl) 
attached to an amino nitrogen, e.g., acetamido, chloroacetamido, 
propionamido, butanoylamido, pentanoylamido and hexanoylamido, as well as 
aryl-substituted C,^ acylamino groups, e.g., benzoylamido, and pentafluoro- 
20 benzoylamido. 

Useful acyloxy groups are any C,^ acyl (alkanoyl) attached to an oxy 
(-0-) group, e.g., formyloxy, acetoxy, propionoyloxy, butanoyloxy, 
pentanoyloxy and hexanoyloxy. 

Useful saturated or partially saturated heterocyclic groups include 
25 , tetrahydrofuranyl, pyranyl, piperidinyl, piperazinyl, pyrrolidinyl, 2-thio4-oxo-- 
^ ; v :2,4^pyrimidyl, M imidazolinyl, indolinyl, isoindolinyl, 

quinuclidihylv morpholinyl, isocluomanyl, : chromanyl, pyrazolidinyl 

Useful heteroaryl groups include thieriyl, benzo[b]thienyl, naphtho[2j3- 
M z thiantbxenyl, / furyl, pyranyl, dihydrbbezoflu'&yl, • benzofuranyl, 

; xanthenyl, plienoxanthiinyl, 2i?-pyrrolyl, 

: pyrrolyly imidazoly 1, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, py 
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indolizinyl, isoindolyl, 3#-indolyl,. indolyl, indazolyl, purinyl, 4H- 
quinolizinyl, isoquinolyl, quinolyl, phtbalzinyl, naphthyridinyl, quinozalinyl, 
cinnolinyl, pteridinyl, carbazolyl, p-carbblinyl, phenanthridinyl, acrindinyl, 
perimidinyl, phenanthrdlinyl, phenazinyl, thiazolyl, isothiazolyl, 
5 phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl, 1,4-dihydroquinoxaline- 

2,3-dione, 7-aminoisocoumarin, pyrido[l,2-a]pyrimidin-4-one, 1,2- 
benzoisoxazol-3 -y I, benzimidazolyl, 2-thio-4-oxp-2,4i7-pyrimidyl, 2-oxindolyl 
and 2-oxobenzimidazolyl. Where the heteroaryl group contains a nitrogen 
atom in a ring, such nitrogen atom may be in the form of an A^-oxide, e.g., a 
10 pyridyl Af-oxide, pyraziny 1 N-oxide and pyrimidiny 1 7^-oxide. 

Some 6f : the compounds of the ^present :s invention i; maty : exist ^ as . " > : 
stereoisomers including optical isomers: I :;Th<e ^invention - includes all 
stereoisomers and bofo 

the individual enantiomers that may be separated according to methods 5 ^ 
. 15 : are well known to those of ordinary skill in the art. 

Examples of ; pharmaceutically acceptable addition salts include 
inorganic and organic acid addition salts, suc^; ^ 
. • . . > hydrpbromide, phosphate;: sulphate, citrate, lactate; :tartrate; male^te^: fumar&e^ ; >\; 
mandelate and oxalate; - and ino and organic base -addition salts with 
- 20 : .;. bases, such as sodium hydroxy, Tris(hydrdxymethyl)amm^^ • 
tromethane) and A^methyl-glucamine. 

Examples of prodrugs of the compounds of the m^ include the 
simple esters of carboxylic acid containing cbmpou^ 
condensation with a; 

25 of hydroxy containing compounds (e . g, , thpse iobtained by c^ a 

G ,4 carboxy lie acid, dibic ;acid or anhydride to and ; 

fumaric anhydrides according to methods to 
containing compounds (e.g., those obtained by condensation;:;^ 
aldehyde or ketone according to methpdito 

30 amino containing compounds, such as those described by Eeu, et al. } {J: Med. 

Chem. ^2:3623-3628 (1999)) ;and (^ 
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3667 (1999)); acetals and ketais of alcohol containing compounds (e.g., those 
obtained by condensation with chloromethyl methyl ether or chloromethyl 
ethyl ether according to methods known in the art); and phosphonato and 
phosphono compounds (e.g., those obtained by condensation with a phosphate 
ester, phosphoryl chloride, or phosphoric acid), which include 
pharmaceutical^ acceptable mono-basic and di-basic addition salts of the 
phosphono group, e.g., organic bases such as amine bases, which include 
ammonia, piperidine and morpholine. 

The compounds of this invention may be prepared using methods 
known to those, skilled in the art, or the novel methods of this invention. 
V Specifically, the Qpmpounds of this invention \yith iFoniiulae III-IV can be 
: prepared as illustrated by exemplary reaction in Scheme 1 . Reaction of 2- 
tiy d^ with malononitrile in the presence a base such as : 

piperidine produces : 3-cyano-2-imin^ Treatment of 

the imino-chfomene with HG1/H 2 0 results in hydrolysis of the imino group 
and produces 3-cyan6-4-phenyl-2-ox6-2//7chromene. 



SCHEME 1 




U :CH 2 (CN) 2 
: Piperidine 

"OH ; 




[H 



HCI/H 2 0 




Alternatively, compounds of Formula III can be prepared as shown in 
Scheme 2. Coupling of 2~hydroxybenzophenone with the acyl chloride 
produces the ester, which when treated with base such as NaGEt or NaOMe . 
cyclizes to produce 3^^ 
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OCI 




COCH 2 CN 




10 



Alternatively, compounds of Formula III can be prepared as shown in 
Schemes 3 and 4. Condensation of 3,5-dimethoxybenzaldehyde with ethyl 
cyanoacetate in the presence of a base such as piperidine produces the 3-(3,5- 
diiriethqxyph^^^ acid ethyl : ester i ; : Treatment of the ester 

with : 3-mfethoxyphendl in the presence: of NaH produces .•fcpi-y^'j&o?}!.- 
methoxy^-C^S-dimethoxyphenyl) Similarly, reaction 

of 3-(3-methoxy-phenyi)-2-cyano-acrylic ; -acid: ethyl:' ester wi^ 4- 
hydroxyindole produces 3 -cyano^ 
/z]chromeiie.. 



SCHEME 3 




is: 



SCHEME 4 




.OMe 



■+ <: CN 



€ 92^: iPiperidihe 




OMe 



ON J: 



:co 2 Et 



OMe 




Compounds of Formula V may be prepared ^ in Scheme 5 . 
Coupling of 2^amii^ 



WO 02/092076 



PCT/US02/15401 



21 



which when treated with a base such as NaOEt or NaOMe cyclizes to produce 
3 -cyano-4-phenyl-quinolin-2(l //)-one. 

SCHEMES 




,CN 
OCI 




NaOMe 

E ' 



NHCOCH 2 CN 




10 



Compounds ofc:F VI may be prepared as shown in Scheme 6. 

Reaction of 2-aminobenzophenone with malononitrile in the presence of a 
base such as piperidihe produces 2-amino-3 -cyano-4-phenyl-quinoline. 



SCHEME 6 




CH 2 (CN) 2 : : 
Piperidirie 




Substituted 2-aminobenzophenones may be prepared as /illustrated by 
15; ; ; ; : exen^ in 3 -methoxyaniline may 

r : '; : :^V be protected, e.g. by reaction with • acetic anhydride to produce the amide. 

Reaction of the amide with 3-methoxybenzoyl chloride -in the presence of 
A1C13 produces the Substituted benzophenone. The amide protecting group is 
removed under acidic condition to produce 2-amino-4-methoxy-3 '-methoxy- 
20 : benzophenone. 
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Scheme 7 



(AcO) 2 Q J| 



MeO ^^^NH 




OMe 
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OMe 



MeO NHAc 



AICU 




MeO ^^^NHAc 



HCI 



MeO' 




OMe 



: Substituted may be prepared as illustrated by 

i exemplary |re^tio^;: iii Scheme 8; Reaction of 3-methoxyph^nol with 
3-meth6xybenz6ic > a^ in the presence of A1 2 0 3 and CH 3 S0 3 H produces 
2-Kydr6xy-4rmethbxy 



10 



as;; 



20 



SCHEME 8 



Met) 





OMe 



AI2O3/CH3SO3H : 
160 °C 



eoci 



MeO 




.OMe 



iipre^ of Fonriulae lll and IV. The process is illustrated in 

liSch£nfe an optionally : substituted 

: 2-arninbberiz6pyraji ; in an organic solvent to yield a 2^iminobenzopyrato . For 
example/ oxidation : of 2-aminp-3 -cyano-4~(5 -meti^ 

2^-pyiTdip[2,J 

•an :;a^ an optionally substituted coumarin (2^oxd-2//- 
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ehromene). For example, the hydrolysis of 3-cyano-2-imino-4-(5-methyl- 
pyridin-3-yl)-2//-pyrrolo[2,3-/2]chromene using HC1/H 2 0 produced 3 -cyaao-4- 
(5-mediyl-pyridiu-3-yl)-2-oxo-2i7-pyiTolo[2,3-A]chromene (compound of 
Formula III). 

SCHEME 9 




DDQ 



10%HCI/ H 2 0 
CN — ^ 





Oxidants for use in the present invention include any oxidant capable • 
; of oxidizing die 2-amin6benz6pyran into 2-imin6benzopyf an: ^s includes, • 
but iis not limited to, ^^dichlbro-S^-dic^^ 
10 2,3,5,6-tet^ (chlorinal), bromine, fluorine, 

atmospheric oxygen, manganese dioxide, selenium dioxide ^ mercuric acetate, 
palladium (II) salts, such as palladium didiloride, iron ^ 
such as ferric chloride, copper (II) salts, such as cupric chloride, trifluoracetic 
acid, activated charcoal, platinum, and palladium. 
15 The oxidation reaction is performed in any orgaaic ^ is inert 

to the reaction conditions, for example, di^ 
• tetrachloride, benzene, toluene, xylenes ; chloi^benzene, .: dicUprotenzene, i; 
hexanes, heptane and trimethylpentane. The reaction is performed at a : ; ; 
temperature that is high enough to effect the : oxidation without ckusmg 
20 decomposition of the product; For example the reaction is perfbrn^ci;: ^ Sf : 

: temperature in the range of approximately 0 : ^ ^ 
alternatively from approximately 20 °C to appra 
; oxidation reaction is performed in dicM 

room temperature. The: product is isolated using p to • 

25 those in die art. This includes, for examp^ 
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solution. Second, drying the organic layer and evaporating the solvent to yield 
the crude product. Finally, the product is optionally purified by any method 
known to those in the art, for example, flash column chromatography. 

Acids for use in the hydrolysis of the 2-iminobenzopyrans include, but 
5 are not limited to mineral acids, such as sulfuric, nitric, hydrochloric, and 

. hydrobromic acid; other inorganic acids, such as phosphoric acid; and organic 
acids, such as trichloroacetic and trifluoroacetic acid. The hydrolysis is 
performed at a temperature in the range of approximately 0 °C to 
: approximately 100 °C, alternatively from approximately 20 °G to 
10 ■.. approximately 40 °G. Preferably, ; the hydrolysis is performed 

; ; : yinixture of hydrochloric, acid at room temperature. The 2-oxo-47f-chromene . 
product is isolated from the reaction mixtoe weU known to ; 

■ those in the art. This includes, for example, but is not limited to, first 
x ■ : neutralizing ; the reaction by . washing with an > aqueous : . solution of i 
15 • • ■■>:.■ approximately 10 % sodium hydroxide. The mixture is extracted with: organic 
sol vent, for example, ethyl acetate, and the ^organic extract is washed with 
water, dried and evaporated to yield the crude product/ Finally, the crude 
product is optionally purified by any means known to those in the art, for 
example, flash column chromatography. 
: 20 Alternatively^ compounds of Formula II can be prepared according to 

. Scheme 10. 
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kOH, MeOH 
; 70°C t 15 h 




5^: . ; apoptosis.: ^Therefore, these compoiuids are expected to be^ 
-of clinical conditio^ 

i : ;^ 

■ lAia^ discoy^ : 

% ;cqjm^ 

; 1 0 : : ; • • of caspases and inducers of ; ap^ptosi^ m drug resist^ taincer 
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breast and prostate cancer cells, which enables these compounds to kill these 
drug resistant cancer cells. In comparison, most standard anti-cancer drugs are 
not effective in killing drug resistant cancer cells under the same conditions. 
Therefore, compounds of this invention are useful for the treatment of drug 
5 resistant cancer in animals. 

The present invention includes a therapeutic method useful to modulate 
in vivo apoptosis or in vivo neoplastic disease, comprising administering to a 
subject in need of such treatment an effective amount of a compound, or a 
pharmaceutically acceptable salt or prodrug of the compound of Formulae I- • 
; 1Q VII, which flmctions as a caspase cascade activator and inducer of apoptosis. 

The present invention also includes ' a therapeutic method comprising 
V administering to an animal an effective amount of a compound, or a 
. i ; pharmaceutically acceptable salt or prodrug o£ sa^ I- ? : • 

) VII, wherein said therapeutic method is useful td treat cancer - which is a group ■ 
15 - of diseases characterized by the uncontrolled -growth and spread of abnormal 

Hodgkiris lymphomas, acute and chronic lymphocytic Ieukemias, multiple^ 
: : v myeloma, neuroblastoma, breast carcinomas, ovarian carcinomas, lung 
: carcinomas, Wilms 1 tumor, cervical carcinomas, testicular carcinomas, soft- : 

: :2() : tissue sarcomas, chrome lymphocytic leukemia, primary macroglobulinemia, 
.• bladder carcinomas, chrome granulocytic leukemia, primary brain carcinomas, 
mdignant melanoma, small-cell lung carcinomas, stomach carcinomas, colon ; 
• : c^cinomas, ^Hj^ant pancreatic insulinoma, malignant carcinoid carcinomas, V 
; : malignant melanomas y choriocarcinomas, myco sis -fimgoidesi: te f : ■ 

■25 . :, . carcinomas, osteogenic sm*coma, pancreatic ca^cinbmas, acute granulocytic : ; : ■ 
leukemia, hairy cell leukemia, neuroblastoma| rhaMomyos^coma, Kaposi's 
. • s^ genitourinary carcinomas, thyroid carcinomas, esophageal ; 

■; carcinomas, malignant hypercalcemia,; cervical hyperplasia, renal cell 
carcinomas, endometrial carcinomas j polycythemia vera, essential 
30 4 throiribocytosis, adrenal; cortex carcinomas, skin cancer, : and prostatic 
carcinomas. ■ : ; '.' 
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In practicing the therapeutic methods, effective amounts of 
cdmpositions containing therapeutically effective concentrations of the 
compounds formulated for oral, intravenous, local and topical application, for 
the treatment of neoplastic diseases and other diseases in which caspase 
cascade mediated physiological responses are implicated, are administered to 
an individual exhibiting the symptoms of one or more of these disorders. The 
amounts are effective to ameliorate or eliminate one or more symptoms of the 
disorders. An effective amount of a compound for treating a particular disease 
is an amount that is sufficient to ameliorate, or in some manner reduce, the 
symptoms ass the disease. Such amount may be adnainistered as a - /, ^. 

single dosage or may be administered according to a regimen, whereby it is 
; e cure the disease but, typically, is adminiistered in 

order to ameliorate the disease/ ^ ^ required 
#^ • 

M another embodiment, a pharmaceutical composition comprising a 
: compound, or a pharmaceutically acceptable salt of said compound of 
ira!^ cascade activator and inducer oif 

apoptosis in combination with a pharmaceutically acceptable vehicle is 
provided. 

Another embodiment of the present invention is directed to; a 
composition ; effective to inhibit : neoplasia comprising a compound, ■= or a ; 
: pliaimaceutically acceptable salt or prodrug of said compound of Formulae I- 
VII, which functions as a caspase cascade activator arid inducer of apoptosis, 
^ : in combm^on cancer ctiemotherapeutic agent, or a ■ 

phairmaceutically ; acceptable salt of said agent. Examples of known anti- 
; cari^ used for combination therapy include, but not are 

iiluiitt to i alkyl^rig^ such as busulfari, cis-platin, mitomycin G, and 

docetaxel; ; topo I ihlubitprs ^ such as camptothecin and topptecan; topo II; /"•.'., 
i^bitors^; doxorubicin and etoposide; RNA/DNA ^timetabolites, 

DNA : : airtimetabolites^x; ; •; 

rsuch as : 5-fliipfp^2 -de hydroxyurea and thioguamne; and ; 
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antibodies, such as Herceptin® and Rituxan®. Other known anti-cancer 
agents, which can be used for combination therapy include melphaian, 
chlorambucil, cyclophosamide, ifosfamide, vincristine, mitqguazorie, 
epirubicin, aclarubicin, bleomycin, mitoxantrone, elliptinium, fludarabine, 
5 octreotide, retinoic acid, tamoxifen and alanosine. 

In practicing the methods of the present invention, the compound of 
the invention may be administered together with at least one known 
chemotherapeutic agent as part of a unitary pharmaceutical composition. 
Alternatively, the compound of the invention may be administered apart from ; 
10 at least one : known cancer chemotherapeutic agent. In one embodiment, the 

. compound of ; die invention and the at least ^rie knowri cancer 
i chemotherapeutic agent are administered substantially simu^ . 
compounds are administered at the same time or one after the other^ so long as < 
the compounds reach therapeutic levels in the blood at the same time. : On 
15 another embodiment, the compound of the invention and the atsl^ : one 

^ kto cancer chemotherapeutic agent are administered ; according to th£ir ; 

individual dose schedule, so long as the compounds: reach: therapeutio 
. the blood. •; • . • . -.-J-v.^ ; 

., Another embodiment of the present 'invention is directed : ; to a ; - : 
: 20 \ : - composition effective to inhibit neoplasia comprising a bioconjugates of said 
compound of Formulas I-VII; which:fo^ cascade activator 

: : and inducer of apoptosis, in ■ bioconj ugation with at least tirie^ 
. ■■ therapeutically useful antibodies, such as Herceptin® or Rituxan® ; ^oy/th 
: factors, such as DGF, NGF; cytokines, such as IL^ IIM, or any molecule that 
-;25- ; binds to cell surface; The antibodies and other: molecules will d 

compound of Formulae I- VII to its targets and make them- e^ctiye a^idahcer : : 
.' : v ; ; : agents..' The bioconjugates also could enhance; ^ 

therapeutically useful antibodies, such as Herceptin® or Rituxan® ; 

Similarly, another embodiment of the present invention is (directed to a '. 
30 . composition effective to: ; inhibit, neoplasia comprising: i a • & 

pharmaceutically Acceptable salt or prodrug of : ^id cdm^ 
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VII, which functions as a caspase cascade activator and inducer of apoptosis, 
in combination with radiation therapy. In this embodiment, the compound of 
the invention may be administered at the same time as the radiation therapy is 
administered or at a different time. 

Yet another embodiment of the present invention is directed to a 
composition effective for post-surgical treatment of cancer, comprising a 
compound, or a pharmaceutically acceptable salt or prodrug of said compound 
of .Formulae I- VII, which functions as a caspase cascade activator and inducer 
of apoptosis. The invention also relates to a method of treating cancer by 
surgically removing the cancer and then treating the animal with one of the 
pharmaceutical compositioi^ described herein: 

A wide- range : ^ operate rapidly following 

exposure to an infectious; agent. Depending on the type of infection, rapid 
clonal expansion of the T and B lymphocytes occurs: to combat the infection. 
The elimination of the effector cells following an infect of the maj or 

mechanisms maintaining immupe homeostasis. This deletion of reactive cells • ; : 
has been shown ; to - be regulated by ;a phenomenon lqab^ "as apoptosis. :< 
Autoimmune diseases have been lately identified as : a consequence of 
deregulated cell, death. In certain autoimmune diseases, the immune system 
directs its powerful cytotoxic effector mechanisms against specialized cells, 
such as oligodendrocytes in multiple sclerosis, the beta cells of the pancreas in 
diabetes mellitus, arid thyrocytes m Hashimoto's thyroiditis (Ohsako, S. & : 
Elkon, K.B., Cell Death Differ, 5:13-21 (1999))/ Mutations of the gene :-:/■: 
encoding the lymphocyte apoptosis receptor iF reported to ^ 

be associated with defective lymphocyte apoptosis and autoimmune 
lymphoproliferative synto characterized by chronic, 

histologically benign splenomegaly and generalized lymphadenopathy, 
hypergammaglobulinemia, and 
; : Pediatry 133:629-633 (1998) : and ^aishri et al, J. Clin. Invest 

';• 1 03:3 55-363 (1 999)). It was repoited that overexpression of Bcl-2 , which is a ; 
;;: ; ^ cell death regulators with 

' anti-apQptotic activity, in developing B cells of transgenic mice, in the 
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presence of T cell dependent costimulatory signals, results in the generation of 
a modified B cell repertoire and in the production of pathogenic autoantibodies 
(Lopez-Hoyos, M., et al, Int. J. Mol Med. 1 :475-483 (1998)). It is therefore 
evident tiiat many types of autoimmune disease are caused by defects of the 
5 apoptotic process, and one treatment strategy would be to turn on apoptosis in 

the lymphocytes that are causing autoimmune disease (O'Reilly, L.A. & 
Strasser, A., Inflamm. Res. 45:5-21 (1999)). 

Fas-Fas ligand (FasL) interaction is known to be required for the 
: maintenance of immune homeostasis. Experimental autoimmune thyroiditis 
10 (EAT), characterized by autoreactive T and B cell responses and a marked 

; lymphocytic titration of the thyroid, is a good : model to study ; t^ 
therapeutic effects of FasL. Batteux, F., et al, (J. Immunol 162:603-608 
(1 9 99)) reported that by direct inj ection of DNA expression vectors encoding • 
: ;EasL into the inflamrned thy^^^ development of lymphocytic infiltration 
15 of; the thyroid was inWbited and induction of i: infiltrating T cells deatii was ;= 

"v observed. These results: show th^;F^L 
curative effect on ongoing EAT by inducm^ 
in^ 

Bisindolylmaleiinide VIII is known to potentiate Fas-mediated 
20 apoptosis in human aslroc^ 

: of ; which were resistant to apoptosis induced by : anti-Fas antibody in the 
^-vv absence of bisindolylmaleimide VIIL Potentiation of Fas^-mediated apoptoslis 
by bisindolylmaleimide; VIII was reported to be selective for activat^ 
than non-activated,; T Zhou Ti, ^etM^!^^- :: 

25 A^d. 5:42M (1999)) reported that adm^ 

V to rats during autoaiitigen stiniuiatibn 

pf T cell-mediated ^tbimmurie diseases in two: nipdel^, L<^s rat model of : . 
: experimental ^lergic encephalitis and iiie -Lewis ^ 
; ;;; . ^.^CTe^oie^e" X ^plicartfcn of a Fas-dependent-; as : ; 

30 bisiri^ may be therapeutically u^e^ ^e inofe efectiye- 1 
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acceptable salt or prodrug of the compound of Formulae I-VII, which 
functions as a caspase cascade activator and inducer of apoptosis, is an 
effective treatment for autoimmune disease. 

Psoriasis is a chronic skin disease that is characterized by scaly red 
patches. Psoralen plus ultraviolet A (PUVA) is a widely used and effective 
treatment for psoriasis vulgaris and Coven, et al, Photodermatol 
Photoimmunpl Photomed. 15:22-27 (1999), reported that lymphocytes treated 
with psoralen 8-MOP or TMP plus UVA displayed t)NA degradation patterns 
typical of apoptotic cell death. Ozawa, et aL, J. Exp:; Med. 189:711-71% 
(1999) reported that induction of T cell apoptosis : could be the main . . 
mechanism by which 31 2^nm UVB resolves psoriasis' skin lesions; Low 
doses of methotrexate may be used to treat psoriiasis to restore a clinically 
. : : normal skin. Heeiien, et al, Arch Dermatol. Res. 290:240-245 (19.98), .. I 
• reported that low doses of methotrexate may induce apoptosis and this mode : 
> of ; action could explain the reduction in epidermal hyperplasia during 
: ; : treatment of psoriasis with methotrexate. Therefore, an elBfective amount of a 
: x compound, or a pharmaceutically acceptable:: salt or prodrug of the compound ; : 
of Formulae I-VII, which functions as a caspase cascade activator and inducer 
of apoptosis, is an effective treatment for hyperproliferative diseases, such as 
psoriasis. 

.V- Synovial cell hyperplasia is a characteristic of patients witli^ 
; : artMtis (RA). Excessive proliferation of RA synovial cells, as ; well ; as 
::. defective in synovial cell death might be responsible for the synovial cell 
7 ::hy^^ al, Clin Exp. Immunol 77^:119-128 (1998), found ' : 

j that^ although RA synovial cells cbuld die via apoptosis through Fas/FasL 
pathway, apoptosis of synovial cells was inhibited by proinflammatory 
cytokines present within; t^ synovium, and suggested that inhibition; of 
; ; apoptosis by the proinflanuH cytokines may contribute to the outgrowth 
■{^■y^of synovial cells and lead to pannus formation and the destruction of joints ;in 
patients :rath ; RA. Therefore, an effective amount of a compound, or a 
'■: : pharmaceuticaily acceptable salt or prodrug of the compound; of Formulae I- 



WO 02/092076 PCT/US02/ 15401 

32 

VII, which functions as a cispase cascade activator and inducer of apoptosis, 
is an effective treatment for rheumatoid arthritis. 

There has been an accumulation of convincing evidence that apoptosis 
plays a major role in promoting resolution of the acute inflammatory response. 
5 Neutrophils are constitutively programmed to undergo apoptosis, thus limiting 

their pro-inflammatory potential and leading to rapid, specific, and non- 
phlogistic recognition by macrophages and semi-professional phagocytes 
(SayiU, I, I Leukoc. Biol. tf/:375-380 (1997)). Boirivant, et al, 
; Gastroenterology Jl propria T cells 

10 : isolated from areas of inflammation in Crohn's disease, ulcerative colitis, and 



': oilier inflainmatbty state decreased CD2 pathway-induced apoptosis, 




: defeict is accompanied by elevated Bcl-2 levels.- Therefore, an effective 
Vi^^S- : : amount o f a acceptable salt or prodrug of the 

; - compotrnd of Formulae I-VII, which -fun 

i i ahd ^ of apoptosis, is an effective ; treatment for inflammation and 

GomjpbsitionS ; within the scope of this invention include all 
compQsitipns wherein the compounds of the present invention are c 
:: 20 ^ is effective to achieve its intended purpose. While individual < 

: cpjqlponeht is within the skill of the art. Typically,: the compounds may be 
administered to mammals, e.g., humans, orally at : a dose of 0.0025 to 50 • H;?-: 
mg/kg, or ; equiyaient amount of the pharmaceutical!^ acceptable salt ; 
ip^j^y^-^'-^ A apoptosis- : ; " 

medicated disorders. Preferably, approximately 0.01 to approximately 10 
i m^g j is : orally! aw^iiist^red to treat or prevent such disorders. ••For ; : :- : .'x : : v,-'-; : 

i^ the dose :: is generally approximately one-half of thte 

: t oral ^ a suitable intramuscular dose would be approximately : ; :: 

^ y^ 



its intended purpose. The amounts of such known cancer chemotherapeutic 
agents effective for cancer are well known to those of skill in the art. 

The unit oral dose may be comprised of approximately 0.01 to 
approximately 50 mg, preferably approximately 0.1 to approximately 10 mg of 
the compound of the invention. The unit dose may be administered one or 
more times daily as one or more tablets, each containing from approximately 
0.1 to approximately 10, conveniently approximately 0.25 to 50 mg of the 
compound or its solvates. 

In a topical formulation, the compound may be present at a 
concentration of approximately 0.01 to 100 mg per gram of carrier . 

; In addition to ; administering the compound as a raw ehenucal^ 
compounds of the invention may be administered as part of a pharmaceutical • 
; • preparation containing suitable pharmaceutically acceptable carriers comprised : 
; ■;■ of excipients arid auxiliaries, which facilitate processing of the compounds 
into preparations that can;, be; used pharaiaceutically. • :. Prefefablyy.;: the 
:Ip^ 

and which can be used for the preferred type of administration, such as tablets^ 
dragees, and capsules; preparations which can be administered : rectally, such ; 
as suppositories; as well as suitable solutions for administration by iiyeetion ciir 
orally, contain from approximately 0 01 to 99 percent (preferably frdm 
approximately 0.25 to 75 percent) of active compourid(s), together with the 
excipient. ^ ; : : :^-: : v^^-^ 

Also included within the scope of the present ihyeritiori 
toxic pharmaceutically acceptable y salts of the compounds of the present • 
invention. Acid addition salts iare formed by mixihg; a solution of fee 
particular apoptosis inducers of the present invention wife a solution of a 
pharaiaceutically acceptable non-toxic acid, such as hydroeMonc ^ ; 
acid, maleic acid, - succinic acid, ; acetic acid, citric acid; tairtoic ■: acid, carbonic % 
acid, phosphoric acid, oxalic acid, and the like. Basic salte are formed by 
mixing a solution of fee particular apoptosis inducers>^ 
with a solution of a pharmaceutieally acceptable n6h-toxic base; such as • : ; 
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sodium hydroxide, potassium hydroxide, choline hydroxide, sodium 
carbonate, Tris, iV-methyl-glucamine and the like. 

The pharmaceutical compositions of the invention may be 
administered to any animal, which may experience the beneficial effects of the 
compounds of the invention. Foremost among such animals are mammals, 
e.g., humans and veterinary animals, although the invention is not intended to 
be so limited. 

The pharmaceutical compositions of the present invention may be 
administered by any means that achieve their intended purpose. For example, 
routes ; of administration may be by pareriteM, subcutan^ 
intramuscular, intraperitoneal, transdermal- buccal, :intrai&cal, ; intrjacraniiali v 

be by the oral route. The dosage administered will be dependent 
health and weight of ihe recipient,: kind of concurrent treatment, if any, 
v-' frequency of treatment, and the nature of the effect ^^d 
• ■ ' The pharmaceutical preparations 
manufactured ; in a manner which is^te .• 

, : conventional mixing, granulating, drageermaking, : dissolving, or lyophilizing 
processes. Thus, pharmaceutical preparations for oral use can be obtained by 
combining the active compounds with solid excipients, optionally grinding the 
resultant mixture and processing the mixture of -^a^ 
auxiliaries obtain ta.blets or to i 

Suitable excipients are, in particular, fill^ 
■ lactose or sucrose, mannitol or :; sorbitol; ceUulose preparations and/of calcium 
phosphates, e.g., tricalcium phosphate or calcium as well 

> as binders^ such as stai^ starch, wheat starch; 

rice starch, potato ; starch, gelatin, tragacanth, methyl cellulose, 

:: hydroxyprapylmethylc^ ■■ and/or 

polyvinyl pyrrolidine. If desired, disintegrating agents may be added, such as 
the above-mentioned starches and also; carboxymethyl-starch, : cross-lhike 
polyvinyl pyrrolidone- agar- or alginic acid or a salt thereof such as sodium 

: : : alginate. Auxiliaries are, above all, flow-regulating agents; arid lubric^its, for 
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example, silica, talc, stearic acid or salts thereof, such as magnesium stearate 
or calcium stearate, and/or polyethylene glycol. Dragee cores are provided 
with suitable coatings which, if desired, are resistant to gastric juices. For this 
purpose; concentrated saccharide solutions may be used, which may optionally 
5 contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol and/or 

titanium dioxide, lacquer solutions and suitable organic solvents or solvent 
mixtures. In order to produce coatings resistant to gastric juices, solutions of 
suitable cellulose preparations, such as acetylcellulose phthalate or 
hydrpxypropymethyUcellulose phthalate, are used. Dye stuffs or pigments 
10 may be added to the tablets or dragee coatings, e.g- , for ide;ntification or in 

:order to characterize coinW 

Other which can be used orally, include 

push-fit capsules made of gelatin, i as well as so% sealed capsules made of 
jgelatin and a plasticizer, such; as glycerol or sorbitol ^ capsules 
.15 can contain the active compounds in the form of granules^ which may be 

■: mixed with fillers, such as lactose;; binders,:^ lubricants, '. 

such as talc or magnesium stearate and; optionally, stabilizers. In soft 
capsules, the active compounds are preferably dissolved or suspended in 
; suitable liquids, such as fatt^ stabilizers 
20 may be added. 

Possible pharmaceutical preparations, yvhich caii be used rectally 
: iinclu^ or m6re;pf 

the active compounds with a: supppsitoi^ 
: ; ;e.g. ■ hatui^ 

25 is. also possible; to use gelatin rectal capsules, wtich consist: of a combination 

of the active compound 

liquid triglycerides ; polyethylene glycols, or paraffin o 

v Suitable formulations for : parenteral adr^^ incliide • ^uebus : 

solutions of the; active compow^^ water^sbltible 
30 [ .■: I salts and 

i as appropriate oily ; : inj ection ; suspensions may be adrmm^ ; 
• : lipophilic solvents or vehicles i;include^^ 



WO 02/092076 PCT/US02/15401 

36 ■ 

fatty acid esters, e.g., ethyl oleate or triglycerides or polyethylene glycol-400 
(the compounds are soluble, in PEG-400) or cremqphor, or cyclodextrins. 
Aqueous injection suspensions may contain substances, which increase the 
viscosity of the suspension include, e.g., sodium carboxymethyl cellulose, 
5 sorbitol, and/or dextran. Optionally, the suspension may also contain 

stabilizers. 

In accordance with one aspect of the present invention, compounds of 
the invention are employed in topical and parenteral formulations and are Used 
for the treatment of skin cancer: 
10 The tppical compositions of this invention are formulated preferably as 

oils, creams, lotions, ointments and the like by choice of appropriate carriers . 
Suitable ; carriers include vegetable or mineral oils, wMte petrol 
\ : soft paraffin), br^ched:Ch^ or oils, animal fats and high molecular 
weight alcohol (greater than C 12 ). The preferred carriers are those in which 
y\$ active ingredient is soluble.; Emulsifiers, stabilizerSj humectants and 

; antioxidants may also be included, as well as agents imparting color or 
;:yA^:'y- : : fragrance, if desired. ; Additionally, transdermal penetration enhancers can be 
employed in these topical formulations. Examples of such enhancers can be 
fbundinU.S- Patei^ Nos. 3,989,^ - v 

■■■:}:20r preams are preferably formulated from a mixture of mineral oil, self- 
emulsifying:- beeswax and water in which mixture the active ingredient, 
dissolved such: as almond oil^ is admixed. A 

typic^ example of such a cre^ is one which includes approximately 40 parts 
water, approximately; 20 parts beeswax, approximately 40 parts mineral oil and 
25 approximately^ 

Ointments may be ; formulated by mixing a solution of the active 
; in^edient in a vegetable oil, such as almond oil, with a warm soft paraffin and ■; 
i blowing the mixture to cool. A typical example of such ah ointment ;is : one ; \- 
• which includes approximately 3 0 % almond oil and approximately : 70 % white ; 
30 ; : soft paraffin by weight 

The following examples are illustrative, but not limiting, of the method 
and compositions of the present invention. Other suitable modifications and 
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adaptations of the variety of conditions and parameters normally encountered 
in clinical therapy, and which are obvious to those skilled in the art, are within 
the spirit and scope of the invention. 

EXAMPLE 1 

5 3 -Cyano-7-methoxy-4-(3 -bromo-4,5-dimethoxyphenyl)-2-oxo-2//-chromene 

To a solution of 5-brpmoveratraldehyde (1.0 g, 4.1 mmol) and ethyl 
cyanoacetate (0.45 mL, 4. 1 mmol) in ethanol (4 mL) was added piperidine (0.4 
f i; ^ for 0.5 h and 

^ | collected by filtration to yield the product (1.16 g) 3r(3-bromo- 

10 ? 4,5-diraethoxy-phenyl)-2-cyano-acrylic ; acid, ethyl ester as a solid. To a : . 
solution of 3 -methoxyphenol (0 . 11 mL, 1 mmol) in toluene : (10 mL) was 
added hydride (60: mg, 1 .5 mmol, 60 %) and the riiixture was stirred at 

room temperature for 0.5 h. To the mixture was added 3-(3-bromo-4,5- 
dimethoxy-pheny l)-2-cyario-acrylic acid ethyl ester (3 40 mg, 1 mmol) .' as a Y 
•:15 : " solid, then the mixture : was refluxed for 2 h. The solvent was evaporated and 

'•• the residue was purified by chromatography on silica gel with ethyl acetate 
v anid hexane (1 :2) as^ e yielding 7 mg (1.7 %) of the title compound^ ! H 
; : 7.34:(d 5 /= 9.6, 1H), 7.21 (d 5 J= 1.8, 1H),: 6.98 (d, J = L8, 

1H), 6.91-6.90 (m, 2H), 3.98 (s, 3H), 3.94 (s, 3H), 3.93 (s, 3H). 



vi: : i ■ X %; ■ ; 3-Cyanp-7-methoxyr4-(3 ,5-(fimethbxypt^^ 



r ; ■ The title cohipburid was prepared from 3 -methoxyphenol and 2-cyano- 
: ; : 3^(3 ;5 ^ ;ethyl ester by a procedure similar to 

; ; & NMR (GE)C1 3 ): 7.36 (d> J = 

Wi ^ -r :1H), . 6.55-6:54 (m^2H)-3.93 (s, 

Y^ ■ : y: : X: V; ::. / [. ;r;, : . ^ ■ 
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3-Gyano-2-imino-4-phenyl-2//-chromiene 

To a mixture of 2-hydroxybenzophenone (2.0 g, 10 mmol) and 
malononitrile (661 mg, 10 mmol) in ethanol (15 mL) was added piperidine 
5 (0.5 mL, 5 .0 mmol). The mixture was stirred under 0-5 °C for 2 h. The 

solvent was evaporated and the residue was purified by chromatography on 
silica gel with ethyl acetate and hexane (1:2) as eluant, yielding 1.2 g (48%) of ; 
the title compound. ! H NMR (CDC1 3 ): 7.74-7.29 (m, 7H); 7.20-7. 13 (m, 2H). : ; 

" . - : ; , : . . .: : : ; EXAMPLE 4 )^-: ; "^r \ : . -^M/:. £ V ^" ''&k' 

. .' 10 ... . 3-Cyano-4-phenyl-2-oxo-2//-chromene j .--V 

^Toa soiiiticm;6f 3-cyan^ 
: mmol) in methanol (10 mL) was. added 37% HC1 (0.037 m^ The 
mixture was stirred at room temperature for 2 h. pie ^ : 
and the residue was purified by chromatography on silica gel with ethyl ■ 
15 ' acetate and hexane (1:2) as eluant, yielding; 35 mg (39 %) of the title 
compound. } H NMR (CDC1 3 ): 7.80-7.74 (m, 1H), :7.66-7.60 (m; 3H), 7;57- 
■ : 7.54 (m, 1H) 7.47-7.44 (m, 2H), 7.41-7.32 (m,2H); '? : f 

: ■ ■"" V- ■ 'V; " " : - .-. : ' V; EXAMPLE S ; 'ffl;}. ';vV;^ :'^ 

3-Cyano-4-(3-methox 

20 : To a solution of 3-methoxybenzaldehyde;(2 

cyanoacetate (1.56 mL, 15.0 mmol) in ethanol (10 mL) was added pipendiiie ■ 
:: (0.73 ml, 7.5 mmol). The mixture was stirred at room ^ 

: The solvent was evaporated and ti^exrude oil was used for the hdxt step; T<> a -if^ 
v solution of 4-hydroxyihddle (266.3 mg, 2 mmol) in : tolu^ 
25 ■■-V; :Sodium hydiide (1 00 mg, 2.5 mmol, 60 %) and the mixture : was "stiirecl ;at^ room • 
• temperature for 0.5 h. To the mixture was added the 3^(3 -tiie^ 
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cy ano-acry lie acid ethyl ester (462.5 mg, 2 mmol) dissolved in toluene (1 mL), 
then the mixture was refluxed for 2 h. The solvent was evaporated and the 
residue was purified by chromatography on silica gel with ethyl acetate and 
hexane (1:2) as eluant, yielding 6 mg (0.9 %) the title compound. l H NMR 
5 (CDCI3): 8.67 (brs, 1H), 7.54-7.48 (m, 1H), 7.35-7.31 (m, 2H), 7.15-7.01 (m, 

5H),3.88 (s, 3H). 

EXAMPLE 6 

3-Cyano-4-phenyl-quinolin-l//-2~one 

;: ; ;:1;0: :: ;^ (a) ^ ::: ■ To : ^>a: ; v^white^^.: 

I suspension of PC1 5 (0.397 g, 1,90 mmol) in dic^drom 

added cy anoacetic acid (0.162 g, 1 .90 mmol); The white suspension was 
: : ^ approximately 20 m^ room 

S : r : - x temperature, and 2-amiriobenzophenone was added to form a yellow solution. 

- ::?i5-*"".:;0- : : : '-''! : ' : - V :: "Tlie" yellowisolution was heated at reflux for approximately 3 6 ihin, cooled to 
approximately 0 °C, diluted with water (3 mL), neutralized with 1 6% NaHCG 3 '. 
and concentrated to form a yellow precipitate. : ; The mixture w^ 
: the solid was dried to yield 0.25 g (75 %) of a yellow solid. ^ NMR (CDC1 3 ): 
■ >: ; - ■ ; " TL28 (s, lH), 8.50 (dd, 3 = 8.50, 1 .10 Hz, 1H), 7:67 (i^ 2H), 7:58 (m, 3H), 

C; ; ;;;^ ;• 7.45 (m 5 2H) } 7.15 (m, 1H), 3.64 (s, 2H). 

;:0 : (b) 3-Gyawo^phenyKquinolin-l suspension 
^ ; ;; : :;/df A^(2-benzoylphenyl)-2-cyano^acetamide (0 .25 g, : irimol) § ^methanol : 
\; (0.60 r^), cooled to approximately 0 °C, was added a 25 wt % 

solution in methanol (0.58 mL, 2.5 suspension was 

;25-x . .- ; warmed to room temperature over approximately 30 min and stirred at room 
tempered 2 h. The reaction mixture was diluted with 

; J ; ethyl acetate (5 0 mL) , washed with water (15 mL), 1 M citric acid (15 mL), 10 

; ; : >% mL), water (20 mL), drie^ through; 

: ;sintered: glass and concentrated to yield : 0 ;08<6 g (-37: %) of a :white solid. -H ; 

7.47 (^ (m, 2H); 
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3 -Gy ano-7-methoxy-4-(3 ^methoxy-pheny l)-quinolin- 1 ff-2-one 

(a) A^(3-Methoxyphenyl)-acetamide. A brown solution of m- 
5 anisidine (10.00 g, 81.17 mmol), 1,4-dioxane (162 mL), and acetic anhydride 

(1 1 .49 mL, 121.8 mmol) was refluxed for 2 h. The solution was cooled to 
room temperature, concentrated by rotary evaporation to remove 
approximately 50 mL of 1 ,4-dioxane, diluted with water (25 mL) and cooled 
to 0 °C. The resultant precipitate was filtered through sintered glass yielding : 
10 < 1Q.18 g (75 %) of a p^ solid: 1 H>^^ 

■ : 7.2d (t 3 J= 8.42, 8; 1 0 Hz, ;1H), 6.97 (dd, J = 8; 10/0.89 Hz; ; 1H)/ (d^ J =: ; 
8.42^ 2.10 Hz, 1H), X79 (s, 3FQ, 2.16 (^ 

' (b) : : N-[5-Methq To a ■{ 

yellow solution ; of ^-(3-methoxy-ph6nyl)-a^ in 
15 4ichlorometliane (1 5. 1 mL), cooled to approximately 0 °C, was added /ariisoyl 

chloride (1.02^ m^ 

The resultant brown mixture was heated u^ 

cooled to approximately 0 °C, quenched by the slow addition of water (15 mL) 
arid diluted with dichlorometharie (100 mL). The organic layer was washed 

20 with water (25 mL) v l (2 x 25 mL), water (25 mL), dried over 

MgS0 4 , filtered; ;:tliro^h: sintered glass and concentrated to yield 
^proximately 2 g of a! yellow residual oil ^ TO pMfied by ' 

column chromatography (el^uti^ (8 ^ ; i 

%) of the title compound as a white solid|; J H W 

25 ; 8B(i^^ 

lH), 7.14 (m, 3H) 3 £57^^^^ 

j- (\ '= • 2.2^(s,3H). :■. '}■]■ : - : : . Ky*; . MS' SP^SM^ P : ^?WP, iffi 

(C> : (2t^^ 

To a yellow ; solution i of ^[5-mettw^ 
; 30 : acet^de : (0. i5d ; g, 0 .500 mmol) in: ^ 

HC1 ; (1.00: ml). ^ yellow solution %^ 
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approximately 23 h, cooled to room temperature, diluted with ethanol (5 mL) 
and neutralized with 1 M NaOH. The aqueous layer was extracted with 
EtOAc (2 x 50 mL), dried over MgS0 4 , filtered through sintered glass and 
concentrated to yield 0.123 g (95 %) of a yellow oil. 'H NMR (CDC1 3 ): 7.36 
5 (m, 7= 8.24, 7.42, 1.92, 0.83 Hz, 2H), 7.13 (m ? J= 7.96, 7.41, 1.92, 0.55 Hz, 

2H), 7.02 (m, J= 8.24, 7.97, 7.42, 1.92, 0.55 Hz, 1H), 6.38 (brs, 2H), 6.16 (m, 
V= 8.24, 7.42, 0.83, 0.55 Hz, 2H), 3.83 (s, 3H), 3.79 (s, 3H). 

(d) 2-Cyano-/^-[5-methoxy-2-(3-methoxybenzoyl)-phenyl]- 
acetamide. The title compound was prepared from (2-amino-4-methoxy- 
10 ;•• ; pheny l)-(3 -methoxy-pheny l)rmethanone and cyanoacetic acid by a procedure 
; v similar to Example 6a in : 97 % yield. 'H NMR (CDC1 3 ): 12.16 (s, 1H), 8,27 (d, 
; j = 2:47 Hz, 1^, 7 61 (d, J = 8.79 Hz, 1H) 3 7.38 (t, J = 7.97,4.95 Hz, 1H), 
7.15 (m, 3H), 6.65 (dd, J= 8.79, 2.47 Hz, 1H), 3i91:(s, 3H), 3;85 (s, 3H), 3.65 

: :v : ;{s, : 2H). : . . :' ; •/'.'.••• . ' ■ X- : y 

15 ;. (e) : :;:3-Cyanp-7-metho^ : ^ 

• • The :title comp|Ound was prepared from 2-cyano-A^-[5-methoxy-2-(3-methoxy- 
bei^oyl)-phenyl]-acetamide and NaOMe by a procedure similar to Example 
6b in 41 % yield. 'H NMR (CDG1 3 ): 12.80 (brs, 1H), 7.48 (t, J = 8.01 Hz, 
1H), 7 T 33 (d, J= 910 Hz, 1H), 7.10 (dd,J= 8.52, 2.53 Hz, 1H), 7.03 (m, 1H), 

20 : 6.96 (m, 2H), 6.80 (dd,J= 9.10, 2.10 Hz, 1H), 3.97 (s, 3H), 3.88 (s, 3H). 

EXAMPLE 8 ' ■:■ 
7rChloro-3-cyario-4~(3-^ 

X (^ To r;-. : : \%- "~--X^k-^ 

: 2S ; ; : a ye ; - V 

1;;97- mmoi)- and 3-brbmbanisc)le (0.25 mL, 1 .97 mmol) in THF:(99 mL), 
: : : cooled to approximately -78 °C was added w-butylhthium (2.5 M solution in ■ 
:h> y : 3 .94 nuribl) dropwise over approximately 2 min. The dark 

C : > ibrawh solution was stirred for 3 0 min; while being copied to approximately 
: 30 " ;i : ;78 ?<3; The mixture was warmed to room temperature and quenched with IN 
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HC1 (3 mL). The reaction mixture was then extracted with EtOAc (50 mL), 
washed with water (2 x 20 mL), dried over MgS0 4 , filtered through sintered 
glass and concentrated to yield 0.55 g of a brown oil. The oil was purified by 
column chromatography (elution with EtOAc.hexanes, 1:1) to yield 0.294 g 
5 (57 %) of the title compound as a white solid. ^ NMR (CDC1 3 ): 7.35 (m, J = 

8.79, 8.24, 1.10, 0.55 Hz, 2H), 7.14 (m, 2H), 7.05 (m, J = 8.24, 2.47 Hz, 1H), 
6.69 (dd, J = 2.20, 1.92, 0.83, 0.55 Hz, 1H), 6.52 (m, J = 8.79, 2.20, 1.92, 
1.10, 0.82 Hz, 1H), 6.27 (brs, 2H), 3.81 (s, 3H). 

(b) 2-Gyano-#-[5-chloro~2-(3-methoxybenzoyl)-phenyl]- 
; 10 : : : acetamide. The title compound was : prepared ; from (2-amino-4-chloro- 
-a ; phenyl)^ acid by a procedure 

• sirnil^to ^MVlR^CDCy: 1 1146 (s; 1H), 8:60 (d, 

> = 1 ip Hz, 1H), 7.55; (4 J = 8:52 lH), : j7.38 (t, J = 8.52, 7.69 Hz, 1H), 
> 7:i5 (m, /= 7.69, 1.92 Hz, 4H), 3.84 (s, 3H), 3.67 (s, 2H). 

15 (c) , 7-Chloro-3-cyano-4-(3-methpxyphenyl)-quinolin 

: ; The title : compo und \yas ; prepared from 2-cyano-N- [5-chioro-2-(3 -methoxy- 
• : v benz6yl)-phenyl]-acetainicle and NaOMe; by a; procedure similar to . Example 
6b in 45 % yield. >'H NMR (GDC1 3 ): 12^50 (brs, 1H), 7.55 (d, J = 1.92 Hz, 
; 1H), 7.50 (dd^; J = ;8.24:H^ 1H), 7:40 (d, J= 8:79 Hz, 1H), 7.20 (m, J= 9.07, 
20 8.79, 2.20, 1 ,92 Hz, TH), 7.13 (m, J = 7.69, 7.41 , 2.75, 2.47 Hz, 1H), 7.02 (m, 

J= 8.24 Hz, ^ 



.-?>;■: EXAMPLE 9 
4-(3rBromo-4,5-dimeth^ 

25 - " :; ; (?)■ : A^[2-(3^ 

Tlie title compound was prepared from m~acetenisidine, 3-brdmp- 
■ 4,5-dimethqxy benzo>d by a procedure similar to Exampl 

7-5^ 1H), 



.e 
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6.62 (dd, J = 8.79, 2.47 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.90 (s, 3H), 2.50 
(s,3H). 

(b) (2-^ino-4-methoxy-phenyl)-(3-bromo-4 5 5-dimethoxy- 
phenyl)-methanone. The title compound was prepared from iV-p-CS-bromo- 
4 5 5-dimethoxybenzoyl)-5-methoxyphenyl]-acetamide and HC1 by a procedure 
similar to Example 7c in 28 % yield. 'H NMR (CDC1 3 ): 7.41 (d, J = 9.00 Hz, 
IH), 7.35 (d, J= 2.10 Hz, 1H), 7.13 (d, /= 1.80 Hz, 1H), 6.29 (brs, 2H), 6.21 
(dd, / = 9.00, 2.70 Hz, IH), 6.16 (d, J> 2.70 Hz, IH), 3.91 (s, 3H), 3:89 (s, 
3H), 3.84 (s, 3H). 

(c) A^-[2-(3-Bromo^4,5-dimethoxybenzoyl)-5-meth^ 

: cyano-acetamide. The title compound was prepared from I(2-amihb-4- 

;iriethoxyphenyl)-(^^ 
: ; : apidby a procedure similar to Example 6a in 60 % yield. J H 

11,96 (s, lH),8.26;(d, J- 2.48 Hz, 1H), 7.61 (d,/= 9.07 Hz, IH), 7.40 (d, ^= : 
: 1 93 Hz, IH), 7.20 (4 J= 1 -93 Hz, IH), 6,70 (dd, J= 9^07, 2.47 Hz, IH), 3.95 ■ 
• (s,3H), 3.92 (s, 3^, 3.91 (s, 3H), 3:61 (s, 2H). 

(d) 4-(3^ ; 
quinolin-l//-2-one. The title compound was prepared from ^[2-(3-brorno~ 
:4,5-dimethoxybenzoyl)-5r-methoxyphenyl]-2-cyano-acetam by 

: a procedure similar to Example 6b in 33 % yield.- ! H NMR (C0C1 3 ): 1 1.90 (s, 

1H), 7.35 (d, y = 9.0 Hz, 1H), 7.20 (d, J= 1.80 Hz, 1^ 
, : 1.80 Hz, 2H), 6.85 (dd, J = 8.24 Hz, IH), 3.98 (s, 3H), 3;97 (s, 3H), 3.92 (s, 

. .■ 3H). " ; ■ : . ; ■ _ ; . . : 7 , • - ,- : ■ • f : , . ■ > . ' V>: ;■ . • • 

EXAMPLE 10 . ' 

3-Cyano-2-imino-4^(5^methyl-p 

to a suspension of 2^aminp-3-cy^o-4-(5^m^^ 
pyrrolp[2,3-/2]chromene (80 ; mg, 0.27 mmol), . and molecular sieves (1 60 ing) ; 
in GH 2 G1 2 (10 mL) w^ 

mg, 0,29 mmol). The reaction mixture turned brown in nuxture was 
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stirred at room temperature for approximately 1.5 h. The reaction mixture was ' 
diluted with EtOAc (50 mL), washed with saturated NaHG0 3 (2 x 12 mL), 
brine (10 mL), dried over MgSO^, and evaporated to yield a yellow solid (86 
mg). 'H NMR (DMSO-dj): 11.83 (s, 1H), 8.70 (s, 1H), 8.65 (d, 7= 1.2 Hz, 
5 1H), 8.54 (d, .7=2.1 Hz, 1H), 7.84 (m, 1H), 7.52 (t, 3.0 Hz, 1H), 7.25 (dd, 

J = 0.9, 9.0 Hz, 1H), 6.71 (m, 1H), 6.76 (d, J = 8.4 Hz, 1H), 2.43 (d, J= 0.6 
Hz,3H). 

• EXAMPLE 11 ; 

:v:; ; .:x:> : :.::,: :; . : : - :j-:\:;y. : ; 3-Cyanb-2-imin0-7-methyl-4-(5-methyl-pyridin-3-yl)-2//- 
\: 10 pyrr6lo[2,3-/i]chromene 

The title compound was prepared fro 
(5-methyl-pyridin-3-yl)-4/f-pyrrolo[2,3-/z]cliromene by a procedure similar to 
that described for Example 10. 'H NMR (DMSO-d,;): 8.73 (s, 1H), 8.66 (d, J= 
; 15 1,8 Hz, 1H), 8.55 (d, J= 2.1 Hz, 1H), 7.84 (m, 1H), 7.51 (d, J= 3.3 Hz, 1H), 

7.3 1 (d,J= 9.0 Hz, lH), 6.73-6.70 (m, 2H), 3:82 & 3H); 2.43 (s, 3H). ' 



EXAMPLE 12 

4-(3-Bromo-4,5-dimethoxy-phenyl)-3-cyano-2-imino-7-methyl-2//- 
pyrrolo[2,3-A]ehromene 

I?. . ; i ■'. The title compound was prepared :frbm 2-ammo-4-(3-bromd-4,5- 

; : ■ :^ by ; a 

\Sy?"' ^-rifo&Q* 1 ?? similar to that described for Example;10. 'H NKp. (CDCI3); 7.23 
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PCT/US02/15401 



3-Cyano-4-(5-me%l-pyridin-3-yl)-2-oxo-2 

A solution of 3^yaiio-2-imino-4-(5-methyl-py^ 
5 pyrrolo[2,3-/2]chromene (83 mg, 0.28 mmol) in 10 % HC1 (5 mL) was stirred 

at room temperature for approximately 5 h. The yellow suspension was diluted 
with water (5 mL), neutralized to approximate pH = 10 using 10 % NaOH and 
extracted with EtOAc (3 x 25 mL). The EtO Ac extracts w washed with 
brine (10 mL), dried over MgS0 4 , and evaporated to yield a yellow solid The 
10 : solid was purified 

EtOAc:hexanes ? 50-80 % EtQAc) ; to yield : a yellbw: solid i;27 m ] H : 

NMR(DMSO-d 6 ):l2.^ 

1H), 7.88 (m, 1^/7^^ 

6.91-6.88: (m, 2H),:2.45 (s^H). 

' ^ ■ " EXAMPLE 14 ' ' ■ " .* 

; 3-Cyaho-4-(5-methyl-^^ 

pyn:olo[2 3 3-A]chrpmene 

A solution of 3 -cyano^ 
20 2i/-pyrrblo[2,3-/i]chromene =(5pjing£ ©;i4ji^l)^in 10 % HC1 (2 mL) and 

DMSO (0.5 mL) ^vas stirred at room temper^ 4--&;^$ : ?. 
yellow suspension was diluted ^w 

pH = 9 using 1 0 % NaOH, and <^ The;^- v 

EtOAc extracts \yere washed with brine 1(10 -te oyer MgSG 4 , and 

;25 ^/^-vevaj^ 

solid (31 mg, 68 %). 'H NMR (DMSQ-(1 6 ): 8-71(d,^== 1^ 8 ;1 H), 8 5 8 C<^ ^ : 
-2.1Hz/lH),7:^ 

6 93 (d, J- 8.7 Hz, 6^91 (d 5 '013^'^, 3,88 (s, 3^), Mg^^ 



WO 02/092076 



46 

EXAMPLE 15 
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4-(3 -Bromo-4,5 -dimethoxy-pte^ 

pyrrolo[2,3-/z]chromene 

5 To a solution of 4-(3-bromo-4,5-dimethoxy-phenyl)-3-cyano-2-imino- 

7-methyl-2i/-pyrrolo[2,3-/z]chromene (100 mg, 0.216 mmol) in THFrwater 
(10:2) was added a ZnCl 2 solution (1 mL, 1 .0 M in CH 2 C1 2 ). The solution was 
stirred at room temperature for approximately 7 h. The reaction mixture was 
made basic with saturated NaHC0 3 (10 mL), and extracted with EtOAc (2 x 
10 25 mL). The EtOAc extracts were washed with brine (10 mL), dried over 

MgS0 4 , and evaporated to yield a yellow solid. The solid was purified by 
4 a sh column chromatography (silk^ EtOAc:hexanes 30-70% EtOAc) to 
yield 17 mg (18^ 

7.51-7.48 (ni,^; 7.42(d^ Hz, 1H), 7.17 (d, J 

15 > = 8.7 Hz, 1H), -.6.91 (dd, V= 0.6; 3.3;Hz, 2H), 3.98 (s, 3H), 3.97 (s,;3H),3.85 : 
(s 5 3H). : • ■; ;/', - - : - 

EXAMPLE 16 
4-(3,5rDmethoxyphenyl)-3-cyano-^ 

20 ; : To a solution of 3,5-(feethoxybenzaldehyde (1.35 

ethyl cyanoacefete (0.92 8.1 mmol) in ethanol (10 mL) was added 
piperidine (0.4 mL, 4^^ was stirred at room temperature for 

: approximately 

dried to yield approximately 2.12 g of a white solid, which was used directly 
. 25 : : in the next step; To a sol^ (250 mg, 1.91 mmol) in 

THF (10 mL) was ■ aidd^ spdium hydride (153 mg, 3.80 mmol, 60 %) arid: the 
mixture was stmed at room temperature for approximately 10 min. To the 
: mature was added a: solution of 3-(3,5-dimethoxyphenyl)-2~cyano-acrylic acid 
ethyl ester (500 mg; 1 .91 mmol, prepared as described above) in; THF (2 mL). - 
30 The mi?diire was heate at approximately 60 °C overnight The solvent was 
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evaporated and the residue was purified by flash column chromatography 
(silica gel, EtOAchexane, 1 :2), yielding 7 mg (1 . 1 %) of the title compound. 
] H NMR (CDC1 3 ): 8.64 (brs, 1H), 7.35-7.24 (m, 2H), 7.19-7.16 (m, 1H), 7.04 
(s, 1H), 6.65-6.59 (m, 3H), 3.85 (s 3 6H). 

5 EXAMPLE 17 

3-Gyano-4-(3-me1hoxy-phenyl)-7-methoxy-2-oxo-2i/-chromene 

The title compound was prepared fr^ and 3 -(3- 

: : ine&o'xy^ acid ethyl ester by a procedure similar to that 

10 <^ % yield;; 'H ^ (t- 7=8.1 

^ 7.03-6.96 (m, 

y^.? J 2H), 6- 90-6:83 (m 9 :2H) (s, 3H), 3:87(s,3H): 



15 



EXAMPLE 18 : 

7-Arriino-4^(3-bro^ 



The; title coinpbund was prepared from 3-aminophenol and 3-(3- 
<■ ; : ;1^ ester by a procedure 

similar, to that described for Example 1 6 in 7 % yield. *H NMR (CDC1 3 ): 

20 : 3^96 (s, 3H), 3 .92 (s;3IT). 

"O:;^ EXAMPLE 19 



:J ;: : r:; ;;V ^ : ; ; M^^]qpil]^line ; . i 



25 



a) ; 2j-(3-Bromo4,5-4 
naphto^ mmol) 
and alpha^t^ was added NaC)H 
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(40 mg, 1 mmol) and the mixture was stirred at room temperature overnight. 
The solution was neutralized with 'saturated aqueous NH 4 C1 and the solvent 
was removed under vacuum. The crude material was purified by column 
chromatography (silica gel, EtOAc:hexanes, 1:2), to yield 300 mg (80 %) of 
5 the title compound. 'H NMR (CDC1 3 ): 8.13 (d, J = 7.5 Hz, 1H), 7.74 (s, 1H), 

7.54-7.48 (m, 1H), 7.38 (t, /= 7.5 Hz, 1H), 7.28-7.24 (m, 2H), 6.91 (d, J= 1.8 
Hz, 1H), 3.91-3.90 (m,6H), 3.15-3.11 (m, 2H), 2.97 (t, J= 6.9 Hz, 2H). 

b) 2-Amino-4-(3-bromo-4,5-dimethoxyphenyl)-3-cyano-5 } 6- 
dihydro-berizo[/z]quinoline: To a solution of 2-(3-bromo-4,5~dimethoxy- 
10 benzylidene)-3,4-dihydrp-2J^nap 

(10 mL) was added eyanothioacetamide (80 mg, 0r8 mmd^ 
; mg, 0;8 mmo 1) and the mixture was • stirred under reflux for apj^ 2 h. 

■ The solvent was removed under vacuum. The crude material was purified by • 
column cliromatography; (silica gel, EtOAc:hexane, 1:3) to yield 6 mg (2 %) of 
15 \ the title compound; 'H NMR (CDC1 3 ): 8.27-8.24 (m, 11^,7.38-7.35 (m, 2H), 
7.23-7.20 (m,TH), 7.09 (d, J= 1.8 Hz, 1H), 6.83 (d, J= 1.8 Hz, 1H), 5.19::(br^ 
2H), : 3.94 (s, 3H), 3.90 (s, 3H), 2.82-2.69 (m, 2H), 2.64-2.62 (m, 2H). 

EXAMPLE 20 

4-(3-Bromo-4,5-dimeUioxyphenyl)-3-cyano-7,8-dihydro- 
20 oxo-2//-furo[3 ,2-ft]chromene 

The title compound was ; prepared from 2j3-dihydro-2,2- 
dimethylbenzofuran-7-ol^ arid 3-(3-bromp-4,5-dimethoxypheiiyl)-2-cyan6- : ; 
acrylic acid ethyl ester by a procedure similar to that d^^ 
25 : in 0.7 % yield. ! H NMR (GDC1 3 ): 7.51.7.50 (m, IH), 7/3 1-7.30 (m, 1H), 7.07 
; (dd,7= 1.2, 8.1 Hz, 1H), 6.80 (d, J= 8.4 Hz, 11$, 3:94-3:^ 3.34 (s, 

■ / : 2H),T.52 (s, 6H). 
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EXAMPLE 21 



PCT/US02/15401 



3 -Cy ano-7-dimethy lami^ 

chromene 

5 The title compound was prepared from 3-dimethylaminophenol and 

3-(3-bromo-4 s 5-dimethoxyphenyl)-2-cyano-acrylic acid ethyl ester by a 
procedure similar to that described for Example 16 in 0.5 *% yield. ] H NMR 
(CDC1 3 ): 7.21-7 18 (m, 2H), 6.98 (d, J= 1.8 Hz, 1H), 6.62 (dd, J^.4, 9 Hz, 
1H), 6.53 (d,X= 2.7 Hz, 1H), 3.96 fe^ 

/ ■io; : ;;'--- EXAMPLE 22 

7-Amino-3-cyano-4-(3,5-dimetiioxyphenyl)-2-oxb^ ■. 

The: title compound was prepared from 3-amih6phenol and 3-(3,5- 
dimethoxyphenyl)-2-cyano-acrylic acid ethyl ester by a procedure : similar to 
15 - : ; that described for Example .1 6 in 0.5 % yield.; l H NMR (CDGI3) : 7:42 (d, J = 
; 8:4 Hz, 1H), 6.72 (d, J= 2:4 Hz, 2H), 6.61-6,60 (m, 1H), 6.20 (d,\/= 2.1 Hz, 
lit), 6.10 CddV ^ =21, 8.7 Hz, 1H), 4.30 (brs, 2H), 3.83 (s, 6H). 

EXAMPLE 23 - :: 

*^V\ -'^o^-'; \vV • -. : : ■ : • . . ' : : , \ ';■ :V . ; : : ■' ' ■ 

The title compound was prepared from 3^dimethylaminophenbl and 
\\ ; V ; f 3-(3,5-dimeto acid ethyl ffil*; procedure 

: /similar to tliat described for Example 1 6 in 0.4 % yield. 1 H NMR (DMSO-dg) : : 
y^}^7M(A ? J- 8:7 Hz, 1H), 6:80 (d, J= 7.5 Hz, 1H)^. 73-6.71 (m, 2H), 6.65 (d, 
/ ;: 25;; : ..^ 3.80 (s, 6H), 3.11 (s, 6H). 
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EXAMPLE 24 
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3 -Cyano-4-(2,5-dime&^ 

The title compound was prepared from 4-hydroxyindole and 3-(2,5- 
5 dimethoxyphenyl)-2-cyano-acrylic acid ethyl ester by a procedure similar to 

that described for Example 16 in 2.6 % yield. ] U NMR (CDC1 3 ): 8.64 (s, 1H), 
7.33-7.3 1 (in, 1H), 7.29-7.24 (m, 1H), 7.10-7.01 (m, 4H), 6.83-6.82 (m, 1H), 
3.82 (s,3H) 5 3:77(s, 3H). 

• ' EXAMPLE 25 ''\} : ; : -- 

10 4-(3-Bromo-4 5 5-dime&oxy-phenyl)-3-cyano-7-^ 

chrqmene 

To a flask: containing anhydrous io 
approximately 65 °C, was added teri-tutylhitrite (0.40 mL, 3.0 nnriol) 
15 followed by 2-amino-4-(3-bromo-4,5- 

. amino-4Z/-chromene (52 mg/ 0.12 mrnol) in anhydrous DMF (0.5 mL). The 
reaction mixture was stirred at approxm^ 15 min, 

and FeS0 4 -7H 2 0 (92 mg, 0.33 nunol) was added in one portion- The reaction 
• mixture was stirred for approximately 30 min, cooled to rooni temperature, 
20 ; diluted with EtOAc (25 mL), washed with water (1 0 mL); brine (1 0; niL), dried 
over MgS0 4 and evaporated to yield a yello w i sdlid;^ crude solid was 
purified by column chra ; : 

yield 8 mg (16%) of the product as a yellow : solid: \ 'H :_- ]§C£^<R ^^D^3i.3>V : V VV.3; = ; 
■ ; (dd,J=2.4, 9.3 Hz, 1H), 7.59 (d, = 2.4 Hz^ ^ 1H), ; 

25 7.26 (s, 1H), 7.03 (d, 7^8 Hz, 1H), 4.00 (s, 3^ 3,95 ^ ; 
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EXAMPLE 26 
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7-Amino-4-(3-bromo-4,5-dimethoxy-phenyl>^ 

The title compound was prepared from 4-(3-bromo-4,5-dimethoxy- 
5 phenyl)-3-cyano-2 3 7-diamino-2if-chrdmene by a procedure similar to that 

described for Example 10. ! H NMR (DMSO-d 6 ): 8.36 (brs, 1H), 7.28 (dd, J = 
2.4, 9.3 Hz, 1H), 7.20 (d, J= 1.8 Hz, 1H), 6.79 (d, J = 8.7 Hz, 1H), 6:63 (brs, 
2H), 6.41 (dd, J - 1 8, 8.4 Hz, 1 H), 6.33 (d, J=2.1 Hz, 1H), 3.86 (s, 3H), 3 .83 
(d,J-p.3Hz 3 3H). 

. 10 ; : v' ' -.'; ; EXAMPLE 27 - 

7-Bromo-4-(3-to 

: CuBr 2 (68 
mg, 0.30 mmd) in an^ to approximately • 

1 5 0 °C, was added \ ' 7-amin6^3-cy^o-2-iminor4-(3-bro 

' pheny l)-2//-chromerie (100 mg, 0.25 mmol). The reaction mixture was stirred 
at approximately: 0 for approximately 4 h, diluted with EtO Ac (50 mL), 
washed with saturated NaH^^ and brine (10 mL), dried over 

M^ and evaporated to yield a yellow solid. The solid was purified by 
20 coliurin chromatography (silica gd, EtO Acihexanes, 1:2 to 1:1) to yield 50 mg 

(43 %j of tte title ^n^piind as a yellpw solid. |H NMR (GDCI3): 7.82 (brs, 
■ 1H), 7.38 (m, 1H), 7.30 <dd; / - 2 J, 8.7 -Hz, 1H), 7. 18 (d, J = 2.1 Hz, 1H), 
7;09^^^ 

•/, ,; " " EXAMPLE 28 

25 \, 4-(3-Bromo-4,5-dim^ 

To a suspension of 7-amin6-4-(3 -bromo-4, 5 -dimethoxy-phenyl)-3 - 

^ : c^ 
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cooled to approximately 0 °C, was added tert-butylnitrite (0.10 mL, 0.66 
mmol), followed by CuCl 2 (104 mg, 0.774 mmol). The reaction mixture was 
stirred at approximately 0 °C for approximately 3 h and the solvent was 
evaporated. The residue was suspended in anhydrous acetonitrile (5 mL) and 
5 CuCl 2 (104 mg, 0.776 mmol) was added to the reaction mixture, while stirring 

at approximately 0 °C. The mixture was allowed to gradually warm and 
stirred at room temperature for approximately 17 h and the solvent was 
evaporated and the residue was diluted with EtOAc (50 mL). The EtOAc 
solution was washed with saturated NaHC0 3 (15 mL) and brine (10 mL), dried 
••: 10 over MgS©4 and evaporated. The residue was purified by column 

chromatography (silica gel, EtOAc :hexanes, 1 :4) to yield 66 mg (63 %) of the . . 
title compburid -H NMR (CDGlj) : 7.48 (d, J ± 1.8 Hz, 1H), / 

7.40 (d, J= : 8.4 Hzv:lH^ Hz, IK), 7 22 (d, J = 2. 1 Hz, \ = 

; lHg.98;^ 

; IS;-.;;'--. EXAMPLE 29 . 

. 4r(3-Bromo-4,5-dimeto 

To ^ 

cyano-2-iim^ (82 trig, 0.20 mmol) in anhydrous acetonitrile 

20 : : : "y::-:<I"0" i%UL^>^ rbooleH':io apprbximately 0 °C, was added tert-butylnitrite (0.8 mL, 6 .. 
p 0,774 ; mm ; 

stirred at : apprbxirii^ for ^proximately 4 ;h, diluted with EtOAc (5 0 

: : mLj,;^ (25 mL) arid britie (15 mL), dried over 

MgS ©4, and ey^o^ed to yield a yellow^ The drude? solid was purified 
25 : by column to yield the title 

1:^:^^^^ : ^ 7.22-7.16 : (m,.- : "-\ 
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EXAMPLE 30 
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2-Imino-3 -cy ano-7-methoxy-4-(3 ' -methoxy-phenyl)-2i7-thiochi*omene 

(a) 2-hydroxy-4-methoxyphenyl-(3'-methoxyp^^ ' 
5 To a solution of 3-methoxyphenol (500 fiL, 4.55 mmol) in 5 mL of anhydrous 

toluene was added weta-anisoyl chloride (640 jiL, 4.55 mmol) at 
approximately 0 °G followed by boron trichloride (4.55 mL of a 1.0 M 
solution in xylene, 4.55 mmol). The resultant mixture was warmed and stirred 
• at approximately 85 °C for 24 h. It was then diluted with 40 mL of ether, : 

10 washed twice with 25 mL portions of saturated aqueous sodium bicarbonate, 

dried with sodium sulfate, concentrated arid purified^^ 
chromatography (silica gel, EtOAc:hexanes, 1:5) to yield 883 mg of the title 
compound as a colorless oil. 'HNW .V 
! (dd, J - 7.5, 0.5 Hz, 1;H), 7. 1 8^7.20 (m^ lH), 7.1 5-7.1 6 (m, 1H), 7.10 (ddd, J= 

15 8.3, 2.6, LO Hz, 1H), 6.52 (d, J=2'.5 Hz; 1H), 6.41 (dd, 9.0, 2,6 Hz,;lH), ; >^ ; , 

3^ (s, 3^, 3.86 (s, 3H)^ ..; ■-y^^- i 

(b) Dimethy ltWocarbamic acid 0-[5-methoxy-2-(3 r - 
methoxybenzoyl)-phenyl] ester: A mixture of (2-hydroxy-4-methoxy-phenyl)- 
(3 '-methoxy-phenyl)-methanone (872 mg, 3.38 mmol), 

• 20 ■ ; ; , , carbamoyl chloride (835 mg, 6.76 mmol) and 1 ,4-diazabicyclo[2.2.2]octane ; 

(758 mg, 6.76 mmol) in 10 mL of anhydrous DMF was stirred overnight at 
room temperature. -X portion of 100 mL of e 

mixture was washed twice with a saturated solution of aqueoixs sodium 
bicarbonate, dried with sodium sulfate and concentrated. Purification by flash 
25 column chromatography (silica gel, EtOAc:hexanes, -15% to <20% EtOAc) 

yielded 975 mg (83 %) of dimethylthiocarbamic acid::0-[5-methoxy-2-(3'-- j""'-: ;"f 

,. methoxybenzoyl)-phenyi] ester as a pale yellow oil. : l H l^n^ (CDCI3); 7.51 V 
. (d, J - 8.6 Hz, 1H), 7.33-7.35 (m, 2H), 7.08-7.11 (m, lH), 6:83 (dd, J = 8.6, ; 
y^^'yp 2.5 Hz, lH),:6.41;(d, J= 2.4 Hz, 1H), ^90 (s, 3H), 3;85 (s, 3H), 3.32 (s; 3H), 
30 : . 3.16 (S, 3H). v: / .. - ; " V /;/.: . ' \ \. . ' ■ 
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(c) Dimethylthiocarbamic acid 5-[5-methoxy-2-(3 , -methGxy- 
benzoyl)-phenyl] ester: Dimethylthiocarbamic acid <9-[5-methoxy-2-(3'- 
methoxybenzoyl)-phehyl] ester (879 mg, 2.54 mmol) was stirred in 8 mL of 
A^AT-dimethylaniline at approximately 215 °C for approximately 3 h. After 

5 cooling at room temperature, a portion of 100 mL of ether was added. The 

resultant mixture was washed twice with a solution of approximately 10 % 
hydrochloric acid, once with a saturated aqueous solution of sodium 
bicarbonate, dried with sodium sulfate and concentrated. The crude compound 
. was purified by flash column chromatography (silica gel, EtOAc:hexanes 1:5) 
10 : : to yield 502 mg (57 %) of dimethyl-thiocarbamic &cidS-[5-mz±oxy-2-(3 y - 
methoxy-benzoyl)-phenyi3 ester as a pale yellow 7.40 
(dj 8.5 Hz, 1H), 7:30-7.34 (m, 2H), 7.19 (d, 2^6 Hz, ; 1 H), 7.07-7. 10 (m, • 
• 1H); 6:95-6.97 (m,TH), 3.88 (s, 3H), 182 (s, 3H), 2:89 (s, 6H). t 

(d) 2-Mercapto-4^methoxy-phenyl)-(3 '-methoxy-phenyl)- - • 
15>:;. : ; : ' ;- :; ;.m mixture of dimethylthiocarbamic acid 5~[5-methoxy-2-(3 

. methoxybenzoyl)-phenyl] ester (164 mg, 0.475 mmol) and potassium : 
hydroxyde (200 mg, 3.56 mmol) was stirred in approximately 2 mL of dry 
methanol at approximately 70 °C for approximately 1 .5 h. After cooling at 
room temperate The crude compound obtained V 

20 : was purified by column chromatography (silica gel y pQAc:hexaiies, ; 1 ";5)'^^ : " \ ■■. 

; : ; )deld 35 mg (27 ,^ 

;^^^^ : : m :as a pale yellow oil. 'H NMR (GDC1 3 ): 7.50 (d, J = 8:8 Hz; 1H), ;'' 

•> . ; 7:33-7- 37 (m; iH), 7;22-7.27 (m, 2H), : 7^10 (ddd,7 = 8:2; 2.6, 1.0 Hz, 1H), ■/ 

^ 2,5 Hz, ih), 4.76 ( S , ih), 3,85: (s y 

. 25 : : ?H), 3.84 (s, 3H). ' 

■ (e) 2-Imino-3 -cyano-7-methoxy-4-(3 -methoxy-pheny l)^/?- 
todchromerie : To :: a mi?^e of (2-merc^ 
; ^ im^ (35 mg, 0 .13 mmol) and maldnonitrile (8;5imgj 

J : • ;0. 1 3i nmiol) ;in approximately 200 joL of dry ethanol was added piperidine (7.0 
; 30 The resiiltant mixture was stirred at 

■: approximately 0 °G for approximately 2:5 h. The solvent was evaporated arid 
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the residue was purified by flash chromatography (silica gel, EtOAc.hexanes, 
1:4) to yield 31 mg (75 %) of 2-imino-3-cyan6-7-methbxy-4T(3 , -methoxy- 
phenyl)-2//-thiochromene-3-carbonitrile as an orange waxy oil. *H NMR 
(CDC1 3 ): 9.31 (brs, 1H), 7.42-7.46 (m, 1H), 7,03-7.1 1 (m, 2H), 6.91 (d, J= 7.8 
5 Hz, 1H), 6.85-6.86 (m, 1H), 6.80 (bs, 1H), 6.68 (dd, J= 9.1, 2.6 Hz, 1H), 3.85 

(s, 3H), 3.84 (s, 3H). 

EXAMPLE 31 



10 



2-Imino-3-cyano-7Hiimethyla^ 

- chromene • 



4A Molecular sieves (20 mg) were added 1 to 2-ainino-3-cyanb-4-(3- 
bromo-4,5-dimethoxypHenyl)-4//--chromene (20 mg, 0.05 mriiol) in 
: dichloromethane ; ( 1 mL). : The: solution was stirred for approximately 1 5 inin. 
Then 2,3-dichloro-5,6-chcyand- 1 ,4-benzoquinbne (1 0 mg, 0.05 mmol, 1 eq.) 
15 was added and stirred continuously at room temperature for approximately I ^ 

The reaction mixture was diluted with ethyl acetate (20 mL) and washed with 
saturated aqueous sodium bicarbonate solution (^ 

and dried oyer sodium sulfate and concentrated to yield 17 mg (79 %) of the 
• ^ desired compound. 'H NMR (DMSO-d 6 ): 833: (s, lH), 7.28 (d, J= 1.9 Hz- 
20 1H), 7!21:(d, 1.9 Hz, 1H), 6.87 (d, J= 9:1 Hz, ;1H) ,'6:56 ;(dd, J= 2.5^9.1 

Hz, lH), 6;40 (d,/= ^ 



; y "■ ; r. >. :».;, )/-\/ . .: EXAMPLE 32 -W'W^ :^':^\ ^J^-r.:^ 

3-Cyaiw-2-imino^7-met^ 

The title compound was prepared irorti^ 
(3-nitro-phenyl)-4#-pyri^^ s^l^ ^ -P 

i described in Example 1.1 v. *H NMR (^ 
■ ' ' 2H), 8.04 (dt, / = 7.8, 1 .5 Hz, : 1H), 7,9|:^ 
P > = 30 . ■ ■■■■ Hz- :1H), 7:29- (d, j= 9.0 Hz,;i^;:6:73-6;68v 
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EXAMPLE 33 

3-Cyano-2-miino-7-methyl-4<3^ 

pyirolo[2,3-/z]chromene 

5 

The title compound was prepared from 2-amino-3-cyano-7-methyl-4- 
(3,4 > 54rimethoxy-phenyl)-4ii/-pyrroIo[2 ? 3-^]chromene by a procedure similar 
to that described in Example 1 1. l H NMR (DMSO-d 6 ): 8.61 (s, 1H), 7.49 (d, J 
= 3.0 Hz, 1H), 7.32 (d, J= 8.7 Hz, 1H), 6.92 (d, J= 8.7 Hz, 1H), 6.87 (s, 2H), 

10 .6-7-1 - : Cd;-/= 3,0 Hz,/ 3:"82:.(s,* 9H),^78 (s, 

. 7 EXAMPLE 34 • 

3-Cyano-4-(3,5-dimethoxy-phenyl)-2-imino-7 
pyrrolo[2,3-A]chromerie 

15 , ' . ■■" : ; v ;7 : - 7 7 , ■ 7: . ; . 

; The title compound was prepare from 2-amino-3-c^ 
(3,5-dimethoxy-pte^ similar to 

that described in Ekample; 4. 'H NMR (DMSO-d 6 ): 8.62 (s, 1H), 7.49 (d, 
3:3 Hz, 1H), 7.30 (d, J== 9.0 Hz, 1H), 6.82 (d, J- 8:7 Hz, 1H), 6.71-6.66 (m, 
20 4H),3.8r(s 5 9H). 

: EXAMPLE 35 

3-Cy^b-2-iriaino4-^ 

2Z/-pyrrolo[2,3-/t]chromene .' \ 

" -7v' : 25 •'• ■'■ ; '; : - -v / . "^>y <; " ■■' 7 . , ■ . ' ■ . . ; ' ' . 7 ■ "' ; ■ 

The title compound was prepared from 2-^ 
. (3-methoxy-4,5-meUiylenedioxyphenyl)-4^ by a : 

procedure similar to that described in Example 11; ! ; H ^ 
(s, 1H), 7:49 (d; J= 3:3 Hz, 1H), 7.31 (d, J= 9.0 Hz, 1H), 6.90 (d, J= 9.0 Hz, 
T30 1H), 6.86 (d, J = i:5 Hz, 1H), 6,82 (d, J= L5 Hz, 1H), 6J1 (d, j= 3.3 Hz, 

lH),6;15(d^ 
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EXAMPLE 36 

3-Cyanb-2-imino-4-(3-methoxy-pheayl)-7-methyl-2//- 
pyrrolo[2,3-/i]chromene 

5 The title compound was. prepared from 2-amino-3-cyano-4-(3- 

memoxy-phenyl)-7-rhethyl-4//-pyrrolo[2,3-/i]chromene by a procedure similar 
to that described in Example 11. 'HNMR (DMSO^): 8.63 (s, IH), 7,55 (t, J 
= 8.1 Hz, 1H), 7.49 (d, J= 3.0 Hz, 1H), 7.30 (d, J = 8.7 Hz, IH), 7, 1 8 (dd, J= 

2.7, 8.4 Hz, IH), 7.10-7.06 (m, 2H), 6.77 (d, /= 9.0 Hz ) IH), 6.71 (d, j = 3.0 
10 Hz, 1H), 3.83 (s; 3H), 3.81 (s, 3H). 

EXAMPLE 37 : 

3-Cyanp-2-imin9-4-(3-bromophenyl)-7-memyl-2//-pyrrolo[2,3-/2]chromene 

15 The title compound was prepared from 2-amino-3-cyano-4-(3- 

bromophenyl)-7-methyl-4//r.pyrrolo[2,3-/2]chromene by a procedure similar to 
that described in Example 11. 'H NMR (DMSO-d 6 ): 8.69 (s, 1H), 7.82 (dt, J= 

7.8, 1.8 Hz, IH), 7.80 (m, IH), 7,60 (dt, J- 7,8, 0.6 Hz, IH), 7.55 (dt, J= 7.8, 
•1.5 Hz, IH), 7;5Q (d,J= 3.3 Hz, IH), 7:31 (dd, J- 0.6, 7.3 Hz, IH), 6.72-6.68 

20 7 (m, 2H), 182 (s, 3H). ^ ;: 

: EXAMPLE 38 

i 3-Cyano-7-inemyl-4-(3-nitro-phenyl)-2-oxo-2//-pyrrolo[2,3-/2]chromene 

25 v :.A solution [ of 3-cyano-2-immo : 7^ 

: ^ 0.087 nimol) 10% HC1 (3 mL) and methanol 

■ (5 mL) was stirred at room; temperature: for 7^ The reaction mixture was '. 
'• : v : ^neutralized vw^ was:collected by vacuum : ; 

filtration, washed witii water, and dried in vacuo (24 mg, 77%). 'H NMR 

< ; (d, J= 8;7 Hz, lH), |94;(d^J 3:3 Hz, IH), 3:97 ^ 3k).; i .J 



10 
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EXAMPLE 39 

3-Cyano-4-(3,5-dimethoxy-phenyl)-7-me&^ 
pyrrolo [2,3 -h] chromene 

The title compound was prepared from 3-cyano-4-(3,5-dimethoxy- 
phenyl)-2-imino-7-methyl-2//-pyrrolo[2,3-/z]chromene by a procedure similar 
to that described in Example 38. l H NMR (acetone-de): 7.50 (d, J = 3.0 Hz, 
1H), 7.48 (dd, J =0:9, 9.3 Hz, 1H),7.15 (d,y=9.0 Hz, 1H) 5 6;9() (dd, J= 0:9, 
3.3: Hz, 1H), 6.74 (s, 3H), 3.97 (s, 3H), 3.89 (s, 6H). 

. - , EXAMPLE 40 

V' , 3-Cyaho-4-(3-methoxy-4,5-me^ • • 

2//-pyrrolo[2,3-^]chromene 

:15V The title compound was prepared from 3 -cyano-2-imino-4-(3- 

methoxy-4,5-methyleiiediox : 
a procedure similar to that described in Example 3 8 . 1 H NMR (acetone-d 6 ) : : 
7;50 (s,; 1H), 7.48 (d, J = 4.5 Hz, 1H), 7.24 (d, J= 9:0 Hz, 1H), 6^2 ^ j= 1 :5 ' 
Hz, IH), 6:90 (dd, 7= 0:6, 3.0 Hz, 1H), 6.81 (d, 7= = "i;5 Hz, llf)>6:18 (d, 7= ; ; 

20 6.18 Hz; 2H), 3.97 (d, 7= 0.9 Hz, 3H), 3.96 (s, 3H). 

EXAMPLE 41 



25 



3 -Gyano-4-(3 -methoxy-phenyl)^7-methy l^-oxorlH- 
pyrrolo[2,3-/z]chrojaiene .'. 



The title compound was prepared -from 3Tcy^o-2-iniino-4-(3- 
methoxy-phenyl>7-metihyl-2i/-pyn-olo[2,3 -/z]chromene by : a procedure similar ; 
■ to that described in Example 38. 'H NMR (acetone-d^) : 7. 5 9 (dt^ J= 0.6, 8:1 J';'^< 
; y^W), 7.50 (d, J- 3.3 Hz, 1H), 7.47 (dd, J = 0.6, 8 7 Hz^ 1H), 7.22 (ddd, 7= \ 
]3a ; % : 0.9i 2:4, 8:4 Hz, 1H), 7:20-7.13 (m, 2H), 7.09 (d, J- 9.0 Hk, 11^ 6:91: (dd, ^= : ; P 
0.6, 3.3 Hz, IH), 3.96 (s, 3H), 3.91 (3H). 
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EXAMPLE 42 

3-Cyano-4-(3-bromo-phenyl)-7-methyl-2-oxo-2//-pyrrolo[2,3-/2]chi'ome 

The title compound was prepared from 3-cyano-2-imino-4-(3-bromo- 
5 phenyl)-7-methyl-2 J f/-pyrrolo[2,3-A]cliromene by a procedure similar to that 

described in Example 38. 'HNMR (acetone-d 6 ): 7.89-7.83 (m, 2H), 7.66-7.64 
(m, 2H), 7.52-7.48 (m, 2H), 7.03 (d, J= 9.0 Hz, 1H), 6.92 (dd, J= 0.9, 3.3 Hz, 
1H), 3.97 (s, 3H). 

.10 ■ EXAMPLE 43 

3 -Cy ano-7-methy l-4-(3 ,4,5 -trimethoxy-phenyl)-2-oxo-2jfir- 
' pyrroio[2,3-/z]chromehe 

• : : :> The title compound was prepared from 3 -cyano-2-imino-4-(3 ,4,5- 
15 -:;-- trimethoxy-phenyl)-7-methy by a procedure 

similar to: that described for: Example 38. l H MVIR (acetone-d 6 ): 7.50 (d^J = 
; : 3 .0 Hz, 1 H), 7,4? (dd, J = 0.9, 9.0 Hz, 1H), 7.25,(d, ^= 8.7 Hz, 1H), 6.94 (s, 
2H), 6.90 (dd,V= 0i9, 3.3 Hz s \K)i 3.97 (s, 3H), 3.91 (s, 6H), 3.87 (s, 3H). 

; EXAMPLE 44 

;20 ::Identifi 

; oxo-2i^chromene and Anialogs as Gaspase Cascade Activators and Inducers of 

Apoptosis in Solid Tumor Cells 

I: Human breast cancer cell lines T-47D and ZR-7 5-1 were grown 
:'• according to media component mixtures designated by American Type Culture 
25 : Collection + 10 % ECS (Jnv^ 

humidity incubator at 37 °C. T-47D and ZR-75-1 cells were maintained at a 
I cell density between 3 0 and 8 0 % confluency at a cell density of 6.1 to 0.6 x - : 
r ^ Cells were harvested at 600xg and resuspertded at 0:65 x 10 6 

i : { i ceUs/mL into a^ +::10%FCS. Ah aliquot of 45 jal of cells was 

3 0 ;| added to a weU of a: 9 6- well microtiter plate containing 5 \xl of a 10% DMSO : 
^^^^ : m 1 640 media : solution containing 0. 16 to 1 0 : jpM of 3-cyano-7- 
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methoxy-4-(3-bromo-4,5-dimethoxyphenyl)-2-oxo^2^^ (Example 1) 

or other test compound (0.016 to 1 ^iM final). An aliquot of 45 ^1 of cells was 
added to a well of a 96-well microtiter plate containing 5 \x\ of a 1 0% DMSO 
in RPMI-1640 media solution without test compound as the control sample. 
5 The samples were mixed by agitation and then incubated at 37 °C for 24 h in a 

5 % C0 2 -95% humidity incubator. After incubation, the samples were 
removed from the incubator and 50 jxl-of a solution containing 20 pM of N- 
(Ac-DEVD)-A r -ethoxycarbonyl-R110 fluorogenic substrate (SEQ ID NO:l) 
(Cytovia, Inc.; W099/18856), 20 % sucrose (Sigma), 2 0 mM DTT (Sigma), 

10 200 mM NaCl (Sigma), 40 mM Na PIPES buffer pH 7.2 (Sigma), and 500 

••.v. |ig/rnl lysolecithin (Calbiochem) was added.; The samples were 

agitation and incubated at room temperature. #sing ;a fluorescent plate reader : ; 
(Model 1420 Wallac Instruments), an initial reading (T — 0) was made 
approximately 1- 2 min after ; a^ 

15 excitation at 485 nm and emission at 530 nin^ to deteMine the bae^ 

fluorescence of the control sample. After the 3 h incubation, the samples were ^-^^^^^ y 
i read for fluorescence £^ abpve (T^3 h). ^ ;: 



. ;■ Calculation; .. :. . " 

20 The Relative Fluorescence Unit ydues (I^U) w r e^ calculate 

the sample readings as follows: 

'■ ^U:^ h) : ^:Cdiitrol : R^ 
The activity 
of the net RFU value for 3-cj^0T7-m^ 
; 25 ■ • pheny l)-2-oxoT2jFf-chromene, or other test icoi^ouirf r to i of control 
samples. The EC 5p (nM) : was deteniiined by : a sigmoidal : dose-response : 
calculation (Prism 2^0^ GraphPadiSp 
. '■ and potericy ! (EG 50 ) are summarized in Table I : 
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TABLE I. CASPASE ACTIVITY AND POTENCY 



Example # 
Compound # 


T-47D 
Ratio EC50 (nM) 


ZR-75-1 

Ratio EC50 (nM) 


1 


6.2 


257 


4.2 


97 


2 


4.1 


44 


5.4 


11 


3 


Inactive 


Inactive 


Inactive 


Inactive 


4 


Inactive 


Inactive 


Inactive 


Inactive 


5 


2.0 


200 


10.4 


111 


6 


9.1 


4795 


10.6 


881.8 


8 


4.1 . 


1172.2 


10.1 


878.2 


9 \ ,.' 


4,4 , 


4410.5 . 


7.4 


2048.7 


16 


3.1 


105.5 ' 4<, ?: 


3.6 


173.5 


17 


8.9 


99.7 


1L7 V-.'X 


43.4 


i8 :: . 


2.2 y: 




7;1: '\ X 


320.2 


19 ", 


5.4 : 


4059.7 v: 


7.9; 


556.3 


20 


1.6 


inactive 


.3.1 ■ . 


1000.0 


2;1 \ 


:: 5;84:: : ':: 


545:8 V 


9.1 


279.0 




■ ; l-:5 "."''-V' : " 


Inactive 


3.4 


400.0 


23 


.2,3- . 




7.2 - : : 


429.3 


24 ; 


4.5 


584.9 : 


7.1 v 


404.7 


25 ' 


;4.9 


1091.4 


6.1 


356.1 


26 


1.9 


Inactive 


8.8 


2767.8 : 


28 •. 


2.2 


2960.6 






30 


Inactive 


Inactive 


Inactive 


Inactive 


31 ; • 


2500 


2500 






38 


1.8 


>100 


5.0 


22 : . . : 


39 


1.9 • 




5.2 ; 


20 


40 E "..' 


i:7 ; 


>100 


4.9 


24 


41 /.. 


2.3 


55 


4.9 


22 


42 


2.6 




•4.2 


17 ■ 
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Thus, 3-cyano-7-methoxy^-(3-ta^ 
2#-chromene (Example 1) and analogs are identified as potent caspase 
cascade activators and inducer of apoptosis in solid tumor cells. 

Other active compounds with a fused-pyridine structure include the 
following compounds obtained from commercial sources. 



ViirV 



Criip. # 


Structure 


Max efficacy 
T47D ZR751 


EC50 (nM) 
T47D ZR751 


44 

■■■■ .V : ' !': 

; 




10.7 

:'- ■ : : .:' " : V- 
■: ; -: :■. .■' '. : 

- • : V : : : - 

. ,- 


19.2 

.. • • 


3123 

. ' V: 
'• " : ! ■■- " ■ : 


2037 

• ■' ■ ; . ■■:*:: 


: ■;.-< 

V ; '"V . ' - ' " : 

'''::''■[.' '; 

■ 

: . ■•. 

: . '■' y. :■ ' ' . 




Inactive 

•- \ ; - — ' 


7.0 ; 

:,: ■ ■ ;. . ■■ 

• • 

' 7 ' • . - : •; ' "7 •••• 

: ■ .- -. .•' . ■ - ■ ■ 

■:■ . ■:■ -. -.: :. 


Inactive: 

; y. :< . 

■ '. .': -' : " : .: ' ■ ' \ " ; : 

: ■■: : • . 


-.Mi-: 

V>. , - ■ ' .: 


— T- r 

•■.:;.46 : .;v: 

:'. ■■. . 1 '.' ;■: ' X 




Inactive 

V-.: ■■ 

:: '\.' ; - : 


3.1 I 

■ " : ' ■ 

. ; .. ':" ■ V , ' 
— — — 


■Inactive 

■ . ■■ , . : ' . :- 
■ 

■ V ■ 

4. — — — 


,' ■ . . : 

3407 ■ 

> : : ;- : . ;. 

: -. , 


• -.. . 


^ y -■;■:/ ; y Br ■ . 


Inactive 

'^-^yy 

■'y-'^y'y 

:> /. if 


MS 

\ I--." 
. ' ■ . V., . :■ 

-a ■:-)"■ 

;x.; ' 


Inactive 

f\ - \^- 

• . ' 

■ -"■ 


6111 

" • . • . 

■■' ■•. : : 



': ■ , :: \ - -^.V-/ „ , r; , , ; 1 , / ;„ I , ; h : 

•' '•' ', - ' : ,.'•.--;//,•.. ;• - -; -r- : .,V. . ,■: ' : ' . ... .,■ ■ ■ -: ••- :..:.<. , 

■ . v ■ . ■ . :? ... : :?:::■■■. ■ - ; - : -:■■ .. • . ,. • - : :.,^.. ■ ■ 



rryy 
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48 : 


Br 

ii rii 

s V 

T YT 

N ^ 

N NH 2 


Inactive 


2.9 


Inactive 


6040 






Inactive 


4.8 


Inactive 


5712 


50 ; 


^ / ^N ■ NH 2 


Inactive : 


2.4 


Inactive 


576 


•■: 51 r 


CI ' 

oY /N 

A AX. ; 

S^N^^N NH 2 


Inactive 


2.8 


inactive 


5385 



Having now fully described this invention, it will be by '? 

those of ordinary skill in the art that the same can be performed within a wide 
arid equivalent range of conditions, formulations and o&er p^ameters withoirt ; 
■y : affecting the scope of the invention or any embodiment thereof .All patents^ 

; patent applications arid publications cited herein are ftiliy- incorporated by ; 
: reference-herein in their .entirety... 
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WHAT IS CLAIMED IS: 



1. A method of treating a disorder responsive to the induction of 
apoptbsis in an animal suffering therefrom; comprising administering to a 
mammal in need of such treatment an effective amount of a compound of 
Formula I: 

A 



(I) 



; v or a pharmaceutically acceptable salt or prodrug thereof, wherein: 

10 ^ 

X is 0, S or NR^, wherein is hydrogen or optionally substituted alkyl or 

;;^V ;:;,;aryi;: ; ' :. .;, . ■ . : . 

"■: V # is CN, COR 75 £02% or CONR^Ry, wherein R 7> aiid R^ are independently 

haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic 
15 group, a Hetero^ arylalkenyl, arylalkynyl, 

; : ' heteroarylallcyl, : heteroary lalkenyl, : heteroarylalkynyl, carbocy cloalkyl, 
heterocycloalkyl, hydroxyalkyl or aminoalkyl; or and Ry are taken together 
with the nitrbigen to which they are atta^^^ 
^ Z is 0, ; S , halo, NR 8 , or NGGR 8 , wherein R 8 is independently H, G M alkyl or 
20 :;; ^1; and ■ 

is optionally substituted and is aryl, heteroaryl, saturated carbocyclic, 
' partially saturated carbocylic, saturated heterocyclic, partially saturated 
" ; i 1^ arylalky 1 or heteroary lalkyl; and 

\ ^ and is an • aryl, heteroary 1; : saturated carbocyclic, 



2. The method of clairii 1 , wherein Z is O, S, NR 8 or GOR g . 
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3. The method of claim 1, wherein said compound has the 
formula: 




IIA 



10 



15 



-.wherein: • •' 

R1-R4 are independently hydrogen, .halo, hMoalkyl, aryl, ; ::&s<^ 
carbocyclic, a ; :hetexoCycUc gr 
aikynyl, k7lalkyl, arylaikenyl, ar^ 

heteroarylalkynyl, :-. carhocycloalky 1, ; ; : heterpcycloalkyl, : : ; : >;hy dro^dkyl, 
aminoalkyl, carboxyalkyl, nitrb , ; amino, xyario, acylarnidlo; hydroxy; thiol, 
acyloxy, azido, alkqxy, carboxy, methylenedioxy , carbonylamiido or 
alkylthiol; or ; ; ; 
R, and R 2 , or R 2 and R 3 , or R 3 and R 4) taken together with ^tte;Atpms\t6 : ^Mch- 
they are attached, form an ary 1, heteroaryl * v partially saturated carbocyclic or 
partially saturated heterocyclic group, where 
• substituted. .• 



20 



The method of claim 1 , wherein A is bption^ly su^ 

1 j naphthyl, quiiiolyl, isbquiiiblyj, 
pyridyl, thiehyl, fuiyl, pyrrolyl, l-phenylethyl aridicycib 



; : 5. ;; The method of claim 3, wherein said compound has one of the 
Formulae in-yi: - • .". - {? 
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III 



IV 




VI 



or a phamaceutically acbeptable salt or prodrug thereof. 



5 : 6. The method of claim 5, \vherein A is pptidnaUy substtoed and 

; ^elected from the : group consisting of phenyl, : i^bShyl^; qinnoly 1, isoquinolyl, 
pyridyl, thienyl, fuiyl, pyaolyl j 2-phenylethy I and cyclohexy L : 



7, The method of claim 5 ; wherein and R 2 , or R 2 and R 3 , or R 3 
10 : : and R^ are taken tbge structure selected from the group 

" ; .;V. -- : H "i : cbnsistin^ ; _ of ^Cl^t)-; ^CM 2 )^, -(C^^ ^OCH^H^, 

-ch 2 c^ 

^ -N(V)- 
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-CH=CH-0- -S-CH=CH- -CH=CH-S, -CH=CH-CH=CH- -N=CH- 
CH=CH- -CH=N-CH=CH- -CH=CH-N=CH- -CH=CH-GH=N^ 
-N=CH-CH=N- ~NH-CH 2 -NH- -NH-CO-NH- ^N-CO-CO-N- -N- 
CH 2 -CH 2 -N- and -N=N-NH- wherein V is hydrogen, C M0 alkyl, haloalkyl, 
5 aryl, fused aryl, carbocyclic, a heterocyclic group, a heteroaryl group, alkenyl, 

alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, 
heteroarylalkynyl, carbocycloalkyl, heterocy cloalky 1, hydroxy alky 1 or 
aminoalkyl. 

10 8. The method of claim 5, wherein R, and ^ and R 3 , or R 3 

and Ri, are takeii : a structure selected from the group 

consisting of ^H=CHW:H=CH-, ^=CH^H^H~, -GH=N-GH=CH-, 
"CH=CH-N=CH-and -CH=CH--CH=N-. 

15 ; 9. . Tlie method of d Y is CN. 

10. The method of claim 5, wherein R^R^ are independently 
hydrogen, halogen, hydroxy, C lrl0 alkyl, hydroxyalkyl, arninoalkyl, : 
carbdxyalkyl, amino, acylamido, acyloxyi alkoxy, methylenedioxy or 

'-20 ;7 

11 /^v^Tte method of claim 1, wherein A is 
: ; caibocyclic, a hetabcy^ G,; io : alkyl, alkenyl, 




10 
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alkynyl, arylalkyl, arylaikenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, 
heteroarylalkynyl, carbocycloalkyl, heterocycloalkyl, hydroxyalkyl, 
aminoalkyl, carboxyalkyl, nitro, amino, cyano, acylamido, hydroxy, thiol, 
acyloxy, azido, alkoxy, carboxy, methylenedioxy, carbonylamido or 
alkylthiol; or 

R 10 and R n , or R n and R 12 , taken together with the atoms to which they are 
attached, form an aryl, heteroaryl, optionally substituted carbocyclic or 
optionally substituted heterocyclic group, wherein said group is optionally 
substituted. 



: 12v ; The method of claim 11, wherein R 10 and R! ]5 or Rj , and: R 12 , 
■; are taken^ together to form a structure selected from the i group consisting of 
4)GH 2 O r , ^CH^- ; v HCH 2 ) 4 - -QCH 2 C^O-, ^ 
^H 2 GH 2 N^ ~CH 2 N(V)CH 2 GH 2 ~ -CH=GH-CH=CH- 

15 ^H==CH^N(V)-, -O^CH^CH-, M3H=CH-0-, 

■'^^^^ -CH=CIt-S- -N=CH-CH=CHh X;H=N--CH=CH- 

\ and : -N^H-CH=N- wherein ;V is • 

hydrogen, G M0 alkyl, haloalkyl, aryl, fused aryl, carbocyclic, a heterocyclic 
: group, a heteroaryl group, alkenyl, alkynyl, arylalkyl, arylaikenyl, 
20 " ; a^ialkynyl, • heteroarylalkyl, heteroarylalkenyl, : heteroarylalkynyl, 
; carbocyclbalkyl, heterocycloalkyl, hydroxyalkyl or amirioalkyl^ : 

13. v The method of claim 3, wherein 1^ and 
optionally substituted ring, wherein sstid ring is selected from the group ; 
25 ^ V coi^isting of benzo, pyrido, furo, dihydrofuro, thieno, pyrrolo, imidazolo, 
imidaz6l-2-one, pyrazo, '. thiazolo, oxazolo, : oxazol-2-one, , 2- 
oxadihydroimidazolo, l,4-dihydropyrazine~2,3-dione, imidazolino, triazolo, i 



30 



formula: ' 



The method of claim 3, wherein said compound has die 
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or a pharmaceutically acceptable salt or prodmg thereof, wherein Z is halo. 

15. The method of claim 1, wherein said compound is selected 

5 ;; ; : 

3- Gy^o-7-^ 
chromene; 

:LlO-:- ;-: *: ,\ -•; j V; ' 3 -Gyano-4-phenyl-quinolin- 1 //-2-one; 

3^Gyano-7-metiioxy^-(3-me!th 
7-CMbro-3-c^ 

4- (3-Bromo-4,5-dimethoxy-phenyl)-3-cyano-7-methoxy- 
, ,- quinolin- 1 //-2-one ; 

;;15::;:; : " , 3-Cyano-2-imin6-4-(5-me%l-pyridm-^ 
^pyrm 

3-Cyano-2-m^ 

±^ - M 

" 4-(3-Bro 

20^:^ 

^v:BS-"l ; | 3 

^V:^;!'.' :: 4-(3-Bro^ : 
; : 25 : r - : / : } ^^jctt^Io clrix^^xiien^^ | . ;. . v ' 

: ; 4-(33-pimethbxyph^ 

: : : : ; : V 
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7-Aniino^-(3-bromo-4,5-dimethoxyphenyl)-3-cyario-2-oxo-2if- 
chromene; 

2- Amino^-(3-br6mo-4,5-dimetiidxyphenyl)-3-cyan 
benzo[/z]quinoline; 

5 4-(3-Br6mo-4,5-dimethoxyphenyl)-3-cyano-7,8-dihyciro-8,8- 
dimethyI-2-oxo-2// L furo[3 5 2-/z]chromene; 

3- Cyaio-7-dimethylaiTiino-4-(3-bromo^ 3 5-dimethoxyphen^ 
oxo-2//-chromene; 

7- J /^ino-3-cyano~4-(3,5-dim^ 
10 3 -Gyano-7-dimetliylamino-4-(3 3 5~dim : ; 

• cliromeae; : : . .•: . . ... ; -V i • V/\:'; v 

3- Cyano-4T(2^ t 

4- (3-BromoH,5-dimethoxy-phen^ V 
• 7 • oxb-2//-chromene; • ' 

15 7-Amino^-(3rbromo-4 5 5-dimethoxy-phenyl)-3- 

chrbmene; ■ ■'. -v ■ : \ 7- ■■ •':::/<.-; ; /-j'^l y>. 

7-Bromo-4-(3 -bromo^^-dimethoxy-phieny I)-3 ^cy ano-2-imirio-2//- 
chromene; . ; 

4-(3 -Brpmo-4,5-dimethoxy-phenyl)-7-chloro-3 - 
20 chromene;: 

4^(3-Bromb-4,5-dimete 
chromene; 

2- Imino-3-cy^o^ 
24r^o-3-cyano-7-dimeft^ 

25 = ' ' phenyl)-2i/-chromene; • 

3- Cyan6-2:*mino-7Hfn^ 
• -•• pyrrolo [2,3 -/zjchromene; 

3-Gyaiior2-imino^ 
■ pyirplo[2,3r^]chromer^;: 
30 3-Cyano4-(3,5^1imetlioxy-p^ 
pyrrolo[2,3-/z]c]iomene;-; • •• 
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3-Cymp-2-imino-4-(3-methoxy-4,5-me&^ 
methyl-2//-pyrrolo[2 5 3-/z]chromene; 

3-Cyaao-2-imino-4<3-methoxy-phenyl)-7-methyl-*2 J H r - 
py rroio [2,3 - h] chromene; 

3 -Cyano-2-imino-4-(3 -bromophenyl)-7-methy 1-2H- 
pyrrolo[2,3-/i]chromene; 

3-Cyano-7-methyl-4-(3-nitro-phenyl)-2-oxo-2if- 
py rrolo [2,3 -A] chromene; 

3 -Cyano-4-(3 ,5-dimethoxy-phenyl)-7-methyl-2-Gxo-2f/- 
pyrrolo[2,3-A]chromene; 

:34Cyanb-4-(3rmeto^ 
bxo-2^-pyrrolo[2,3-/2]chrbmehe; ..' 

: 3-Cyano-4-0-methoxy-phenyl)-7~meft 
pyitoloP^-^chromene; 

3"Cyanb.4-(3ybrpm^ 
: pyrrolo[2,3-/?]chrbmerie; and 

... . ;3-Cyano-7-n^ 
pyrrolo[2,3-/z]cliromene. 

16. The method of claim 1 , wherein said disorder is cancer. 



17; ; ;The methpd of claim 16, wherein said cancer is selected from 
the jgroup consisting of Hodgkin's disease, nb^ 
; and chronic; lymphs neuroblastoma, breast 

/ carcinoma, ovarian carcinoma, liing carcinoma, Wilms' tumor, cervical 
- carcinoma, testicular carcinoma, . soft-tissue sarcoma, chronic lymphocytic 
leukemia,- primary macroglobuliriema, bladder carcinoma, chronic 
f grauniilocytic leukemia, prun^ bra^ 

cell ; lung carcinoma, stomach carcinoma, coloii carcinoma, malignant 
pancreatic insulinoma, malignant carcinoid c^ inalignant melaribma, 

choriocarcinoma, mycosis to and neck carcinoma, osteogenic 

sarcoma, pancreatic carcinoma, acute granulocytic leukemia, hairy cell 
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leukemia, neuroblastoma, rhabdomyosarcoma, Kaposi's sarcoma, 
genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma, malignant 
hypercalcemia, cervical hyperplasia, renal cell carcinoma, endometrial 
carcinoma, polycythemia vera, essential thrombocytosis, adrenal cortex 
5 carcinoma, skin cancer and prostatic carcinoma. 

18. The method of claim 16, wherein said cancer is a drug resistant 

cancer. 

-.10 19. The method of claim 

; :at least one known cancer chemotherapeutic agent, or • a ipharmaceutically 
acceptable salt of said • agent. : ' ■ :: - 

20: The ^nethoii of iblaim 19, • wherein said known cancer 
1 5 ; : • ; ; : :: ; therapeutic agent is selected from ;-the group consisting of ;busulf^ cis-pMin, 
: mitomydri carboplatin, colchicine^ vinblastine;: paclitaxel, : doeetaxel, 
; • -camptothecin, • topotecan, : doxorubicin,; etbposide, 5-azacytidine, 
• 5-fluorouracil,; methotrexate; 5-fiuoro-2- ^ hydroxyurea, 
■ thioguanirie, ,;■:; ) :rnelphalan,i chlorambucil, ; cyclophosamide, ifosfamide, 
20 •: ';: vincristine, mitoguazorie, epirubicin^ aclaxxibicini bleomyciri, mitoxantrone, 
elliptiiuum^ octreotide, ? retinoic acid, tamoxifen, Herceptin®, 

21. ; ; T comprising treating wi^ 

•:25;:i : : : ; radiationrtherapy : : - 

22. ,;; ^he ^ compound is 
:\ ■{ aditdnistered;^ 



so; 



:; : 23,; • ^ 1,; an 

a^oimmurie dise^e^ • :•; ; v 
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24. The method of claim 1, wherein said disorder is rheumatoid 
arthritis. 

25. The method of claim 1, wherein said disorder is inflammation 
or inflammatory bowel disease. 

26. The method of claim 1, wherein said disorder is psoriasis. 



10 



27;; The method of claim 1, wherein said disorder is a skin disease. 



28 ; A compound of Formula H A: 




IIA 



15 



20 



or a pharmaceutically acceptable salt or prodrug thereof, wherein: 
X is 6; S 3 halo or NR^ wherein is hydrogen or optionally substituted alkyl 
or aryl;:: ;':.v ; : - • . / • 

Y is CN, GQR7, G0 2 R7 or CONP^Ry, wherein R 7 , R* and 1^ a^e indep 
hydrogen^ C,: l0 alkyi, haloaJUcyl, aryl, fused aryl, carbocyclic, a heterocyclic 
group, a heteroaiyl gro^ arylalkyl, arylalkei^ 

heteroaF/lalkyl, heteroarylalkenyl, heteroarylalkyny 1, ; carbo cycloalky 1, 
heterocycloa^yl, hy^pxyalky or aminoalkyl; or R^ and % arfe 
:.wh^ they are attached to form a heterpc^cle; J 

Z is 0, S, halo, NR 8 , or NCOR 8 , wherein R 8 is independently H^C^ alkyl or 
aryl; ; • i^^AVkv-vV-- 
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A is optionally substituted and is aryl, heteroaryl, saturated carbocyciic, 
partially saturated carbocylic, saturated heterocyclic, partially saturated 
heterocyclic, arylalkyl or heteroarylalkyl; and 

R1-R4 are independently hydrogen, halo, haloalkyl, aryl, fused aryl, 
5 carbocyciic, a heterocyclic group, a heteroaryl group, C ]10 alkyl, alkenyl, 

alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, 
heteroarylalkynyl, carbocycloalkyl, heterocycloalkyl, hydroxy alkyl, 
aminoalkyl, carboxyalkyl, nitro, amino, cyano, acylamido, hydroxy, thiol, 
: acyloxy, azido, alkoxy, carboxy, methylenedioxy, carbonylamido or 
;/ : 'V-10' : - : - '. , ' alkyltliiol; or , : '. 

R 3 and R4, taken together With the atoms to which 

' i : i : partially saturated heterocyclic group, wherein said group is optionally 
'-substituted: 

29: -; The compound of claim 28, wherein X is O. : 



V.:^ ; i : .-:://- : r3D.v-:.-'.-, The compound of claim 28 * wherein Z is 0, S,NR 8 or NGORgi 

| ; 31. The compound of claim 28, wherein A is optionally substituted 
■:\ : : .. :: md_.\j&ltte& from the group consisting of phenyl, riaphthyl, quinolyl, 
% :.i iso qmiioly 1 , pyridy 1, thienyl, furyl, pyrrolyl, 2-phenylethyl and cyclohexyl. 

>: : ;32.';' A compound of claim 28, wherein said compound has one of : 
the Formulae in- VI: 
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34. A pharmaceutical composition comprising a pharmaceuticaily 
acceptable excipient or carrier and a compound of claim 28. 

3.5. The pharmaceutical composition of claim 34, further 
5 comprising at least one known cancer chemotherapeutic agent, or a 

pharmaceuticaily acceptable salt of said agent. 

36. The pharmaceutical composition of claim 35, wherein said 
known cancer chemotherapeutic agent is selected from the group consisting of 

10 busulfan, cis-platin, mitomycin C, carboplatin, colchicine, vinblastine, 

paclitaxel, docetaxel, camptotheein, topotecan, doxorubicin; etoposide, 
5-azacytidirie, 5-fluorouracil, methotrexate, S-fluoro^'-deoxy-iiridine, ara-C, 
: V : 1^ 

ifte aclambicin, bleomycin, 

15 mitbxiaritrone, elliptinium, fludarabine, octreotide, retinoic; abid; tamoxifen, 

: Herceptin®, Rituxan® and alanosine. •: 

37. -.. The pharmaceutical composition of claim 34,;; Wherein said 
excipient or carrier is selected from the group consisting of saccharides, starch 

20 - pastes, gelatin^ tragacanth, cellulose preparations, calcium phosphates and 
polyvinyl pyrrolidone. 

: 38. ; T^ composition of claim 3 4, wherein said 

excipient or carrier is a saccharide selected from the group consisting of 
25 lactose, sucrose, mannitol and sorbitol. 



. 39/.: :.• ; The ; pharmaceutical composition of claim 34, wherein said 
excipient or cairier is a lipophilic solvent. ;V"; 
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40. The pharmaceutical composition of claiin 39, wherein said 
lipophilic solvent is selected from the group consisting of fatty oils, fatty acid 
esters, polyethylene glycols and paraffin hydrocarbons. 

5 4L The pharmaceutical composition of claim 39, wherein said 

lipophilic solvent is selected from the group consisting of sesame oil, ethyl 
oleate, triglycerides, polyethylene glycol-400, cremophor and cyclodextrins. 

42. The pharmaceutical composition of claim 34, wherein said 
10 : -excipient or carrier is i selected from ^ oils, 

:; r ; : : : ;;Or;.mineral. oils, white petrolatum, branched chiain^ ^ chain oils, 

; animal fats and high molecular weig^ 

43. The pharmaceutical composition of claim 3 4, wherein said 
excipient or carrier is a saline solution. ; : 

44. ; A: coihpound selected fito^ 
3-Cyario-7~m^^ 

: chromene; • V 
^Cyano-7-meto 

■ V 3 

3^Cyano-4-i^ . :/■ 

. 7 3-Cyanb-7-metfo^ 

: 7-Chl^ : 
■ 4r(3-Brpmo^,^ 

quinolin-1 ; ; -'^'f "--^ ' . •■■ 

; i ; i 3 -Cyari^ d; 
pyiTolp[2,3-A]c^om?ne; 

pyirolo[2,3~^chromene; ; : 

: : pyrrolo [2,3 -h] chromeri&; : 
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3-Cyano-4-(5-metiiyl-pyridin-3-yl)-2-o^ . 

3 - Cyano-4-(5-methy l-pyridin-3 -yl)-7-methyl-2-oxo-2#- 
pyrrolo [2,3 -A] chromene; 

4- (3-Bromo-4 ) 5-dimetiioxy-phenyl)-3-cyano-7-iiiethyl-2-oxo-2//- 
5 pyrrolo [2,3 -/*]chromene; 

4-(3,5-Dimethoxyphenyl)-3-cyano-2K)XO-2// L pyrrolo[2 3 3-/z]chromene^ 

3 - Cy ano-4-(3 -methoxy-phenyl)-7-methoxy-2-oxo-2//-chrGmene; 
7- Amino-4-(3 -bromo-4, 5 -dimethoxypheny l)-3 -cy ano-2-oxo-2#- 

. chrornene; 
10 2-Amino-4-(3-bromo-4,5-dimeth^ 
. .. berizo [/2]quiribline; ' 

4- (3-Brbrho^4,5-dimeto 
dimeihyM-o^ ... 

3- Cyano-7-chmethylan)ino-4^^ 
: •' 15- : v : •• oxo-2//-chromene; 

7-Amino-3-cyano-4^ 
3 -Cyano-7-dMethyiamm^ 
chromene; •; 
3|Gyano-4-(2,5-dto 
20 .4-(3-Brqmo-4^ 

• ■ oxo-i/Z-chromene; " . . a^ M : - 

vj : ; v 7^Amih^ 

r ' .' ; chromene; . -; ; .. :• - • "; ■ ^'V'- . - v\. : --\yU-.r< 

7-Brpmo-4-(3~br6 

4- (3-Bromo-4,5-dime&^ 

... . ■ chromene; : . . ■ ' ^-/-r: ^^i^y^:--^^^ 

: :4-(5-Bromo4 J 5-dimethoxy-pte : 

chr^ 

30 : : - : 2*Ie^^ 

: 2-Im^ • •• 
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3 -Cy ano-2-imino-7-methy l-4-(3 -nitro-pheny l)~2H- 
pyrrolo [2 ,3 -h] chromene; 

3-Cyano4-imino-7-methyl-4-(3,4 5 5-trimetho^ 
pyrrolo[2,3-^]chromene; 
5 3.-Cyano^-(3,5-dimeft^^ 
pyrrolo[2,3 -/z]chromene; 

3-Cyano-2-imino-4-(3-methoxy-4,5-methylenedioxyphenyl)-7- 
methyl-2i/-pyrrolo[2,3-A]chromene; 

C ; ; 3^ 

•:'|:p^61b 

: 3 -Cyano-4-^-methp 
6xo-2//-pyrrolo[2 3 3^ 
: ;3rGyano^4-(3-m 
; 20 ; ; pyiTolo[23-/z]chirQmene; 

; 3-Cyanpr4-(3-bromo-phenyl)^ : 
: p^^ ■ 

^ pyixold j[2 , 3 -At] chiroirieiie . • • • • 

;; .V/v^S. ' ;'"7; A pharmiaceutical composition comprising a compound of 
; I IcLaim 44 and a pliarmaceiltically acceptable excipient or carrier. 

^ ; ;|^ ; p;. : : ; ^ ; '■■ 46 • \ ,\. A , process for the preparation of a -cbi^ . 
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wherein Y is CN, COR 7 , C0 2 R 7 or CONR^, wherein R 7 ,.R x and.R y 
are independently hydrogen, C u , 0 alkyl, haloalkyl, aryl, fused aryl, 
5 carbocyclic, a heterocyclic group, a heteroaryl group, alkenyl, alkynyl, 

arylalkyl, arylalkenyl, arylalkynyl, hetero^laikyl^ heteroai^lalkenyl, 
heteroarylalkynyl, cart^ 

aminoalkyl; or R* and are taken together with the; nitrogen to which they ; 
• are attached to form a heterocycle; 

V ' '10 A is optionally substituted amf is a^l, heteroaryl, - saturated 

. ;.. carbocyclic, partially saturated carbocylic, ; saturated heterocyclic, partially 
• saturated heterocyclic, arylalkyl or heteroarylajkyl; and : 
R,-R4 are independently hydro 
carbocyclic, a heterocyclic group, a heteroaryl: group, C , _ 10 alkyl, alkenyl; 
; : 15 alkynyl, arylalkyl, arylalkenyl, arylalkyhyl, heterp^lalkyl, heterp^i^enyl, ; ^ 

heteroarylallcynyl, carbocycloallcyl, ; heterocydoalkyl, hydroxyalkyl, 
aminoalkyl, carboxyalkyl, nitrb, amino, cyanb,: acylamido, hydroxy, thioly 
acyloxy, azido, alkoxy, carboxy, methylenedioxy, carbonylamido or : 
•v ' :-. •• ' , ; - alkylthiol; or " . . .. .'.'/.-• -. :w : ■ V'"'..' ;:• V ;• : . -^H ■■ - x,:- : 

20 Rj and R 2 , or R 2 and R3, or^ 

". : -< which they: are attached, form m aryl, heteroaryl, partially saturated 

carbocyclic or partially saturated he;terocyclic group, wherein said group is . : : > : 
'[ optionally substituted; 
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the process comprising reacting a 2-aminobenzopyran having the 
.formula: 




with an oxidant in an organic solvent to produce a 2»imino-2^chrbmene of 
5 Formula IV: , \ 




contacting said 2^innno-2H-chrpmehe with an aqueous acid, and 
10 isolating the product of Formula III. 

47; The process of claim 46, wherein said organic solvent is 
dichloromethane, chloroform, toluene or xylene: 

•15 48v v : The prbcess of claim 46, wherein said aqueous acid is aqueous 

sulfuric, hy dk>chloric; nitric ^d hydrobromic acid. 

49. ; The process of claim 46, wherein said oxidant is 2,3-dichloro- 
f 5 : 5,<^rdib (DDQ), 2,3- 5,6-tetracU 

20 (chlbiirial), bromine, ^ 
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